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FOREWORD 

This  report  is  a  compilation  of  ballistic  information  on  free- 
fall  ordnance  in  a  form  easily  uaed  by  those  enf'e^ed  in  fire  control 
system  design,  weapon  design,  or  weapon  system  analysis. 

The  data  is  presented  in  the  form  of  approximate  solutions  to  the 
equations  of  notion  of  particle  ballistics;  numerical  data,  including 
ballistic  tables,  conversion  factors,  etc.;  and  nomographs  from  which 
many  variables  of  interest  can  be  quickly  obtained. 

This  work  was  carried  out  under  Bureau  of  Naval  Weapons  WepTask 
R-520-00  OOI/216-I/FOI8-02-O3,  Weapons  System  Analysis,  and  WepTask 
RAVO  8N001  216-l/SlTl-OO-Ol,  Combat  Air  Weapons  System  Development, 
from  February  I963  to  March  1965. 

This  report  was  reviewed  for  technical  accuracy  by  Dr.  Marguerite 

M.  Rogers.  Code  3503,  U.S,  NOTS,  invites  comments  or  suggestions  con¬ 
cerning  this  publication. 
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ABSTRACT 

Tills  handbook  contains.  In  a  variety  of  forns, 
ballistic  Inforratlon  on  free-fall,  unyulded  weapons  of 
all  types,  and  is  intended  for  use  by  those  enpaeed  In 
weapon  design,  fire  control  system  design,  and  weapon 
systert  analysis.  The  ballistic  information  Is  pre¬ 
sented  In  the  form  of  ballistic  trajectory  equations, 
tables.  Graphs,  and  nonosraphs,  from  which  many  tra- 
jec  ory  parameters  of  Interest  can  he  quickly  obtained 
with  accuracy  sufficient  for  deslGti  and  analysis 
purposes . 
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I.  INTRODUCTION 


The  ballistic  equations  and  numerical  data  nresented  in  this  hand¬ 
book  are  intended  for  use  by  those  engaged  in  weapon  design,  fire  control 
system  design,  and  weapon  system  analysis.  The  first  section,  containing 
ballistic  equations,  defines  the  coordinate  system,  gives  the  nomenclature, 
and  states  the  assumptions  leading  to  the  simplified  equationb  ut  motion 
of  particle  ballistics.  Approximate  solutions  to  these  equations  of  mo¬ 
tion  are  then  given  in  a  variety  of  forms.  The  second  section  concern¬ 
ing  numerical  data  contains  some  useful  conversion  factors,  ballistic 
characteristics  and  drag  functions  of  some  current  weapons,  trajectory 
tables,  and  graphs  and  nomographs  from  which  the  desired  information  mav 
be  easily  extracted. 


II.  BALLISTIC  EQUATIONS 

A.  PURPOSE  AND  USE  OF  BALLISTIC  SECTIONS 

This  section  'ontains  ballistic  trajectory  equations  in  a  sufficient 
variety  of  forms  that,  given  a  particular  set  of  Independent  variables, 
an  unknown  dependent  variable  can  be  computed.  All  of  the  equations, 
with  the  exception  of  the  vacuum  ballistic  equations,  are  fjlrlv  simple 
approximations,  and  as  such  do  not  yield  exact  solutions.  They  could  be 
further  refined  and  expanded  to  yield  greater  accuracy  over  a  larger 
range  of  Independent  variables,  but  only  at  the  expense  of  rapidly  in¬ 
creasing  equation  complexity.  It  is  hoped  a  suitable  balance  between 
accuracy  and  complexity  has  been  attained  to  accomplish  the  purpose  for 
which  this  handbook  is  published. 

To  use  the  equations,  the  ballistic  characteristics  of  the  weapon  or 
shape  in  question  must  be  known  or  assumed,  i.e.,  its  reciprocal  ballis¬ 
tic  coefficient  and  its  ballistic  (or  aerodynamic)  drag  coefficient.  In 
some  instances,  it  is  possible  to  reverse  the  procedure  to  determine  the 
approximate  ballistic  characteristics  required  of  a  weapon  to  cau.se  it 
to  describe  a  desired  trajectory  for  a  given  set  of  release  conditions. 

The  user  is  again  cautioned  that  the  solutions  herein  are  approxi¬ 
mate,  If  accurate  solutions  are  required,  numerical  Integration  of  the 
equation-  of  motion  on  a  high-speed  digital  computer  is  recommended. 
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B.  COORDINATE  SYSTEM  AND  NOMIHCLATURE 

Coordtn.tte  Synt^n 

The  coordinate  system  used  In  the  ballistic  section  of  this  report  is 
sho\m  in  Fig,  1^  In  this  system,  whose  origin  (0,  0,  is  the  weapon 
release  point,  Z  lies  along  the  direction  of  gravity,  X  is  horizontal 
and  lies  along  the  direction  of  the  initial  horizontal  velocity  component 
of  the  weapon  in  the  air  masst  and  Y  is  normal  to  the  XZ  plane,  l.e,, 

?  ■  Z  X  X,  giving  a  right-handed  system.  This  XYZ  system  is  stationary 
in  the  air  mass  so  that  if  wind  exists,  the  coordinate  system  is  moving 
with  respect  to  the  ground. 

It  is  convenient  to  define  a  coordinate  system  X'Y'Z’  which  is  fixed 
with  respect  to  the  ground,  but  which  initially  (at  weapon  release)  coin¬ 
cides  with  the  XYZ  system.  This  fixed  system  will  be  useful  in  accounting 
for  the  effects  of  wind  on  the  weapon  trajectory. 


FIG.  1.  Coordinate  System. 
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2,  Nomenclatiirc 


Aj,  A2 »  A^ 
^DO 


D 

d 

S 

h 

1 

1 

S 

K* 

o 

P 

R 

t 

u 

V 

\J 

w 

X,  ?,  1 

X\  Y*.  Z' 


“t 

Bt 

r 

Y 


Coefficients  of  terns  in  the  series  solutions  of  the 
equations  of  motion 

Zero  lift  aerodynamic  drag  coefficient,  a  function  of 
Mach  number 

Reciprocal  ballistic  coefficient  equal  to  id^/w 
Speed  of  sound 

Deceleration  of  weapon  due  to  aerodynamic  drag 
Maximum  body  dimeter  of  weapon 
Acceleration  of  gravity;  32.174  ft/sec 
Altitude  above  mean  sea  level  (MSL) 

Subscript  denoting  the  value  of  a  quantity  at  weapon  impact 
Form  factor  of  weapon 

Ballistic  drag  coefficient,  a  function  of  Mach  number 

A  modified  ballistic  drag  coefficient 

Subscript  denoting  an  initial  condition 

Subscript  denoting  a  pullup  point 

Slant  range  to  target 

Time 

Time  of  flight  of  weapon 

Magnitude  of  weapon  speed  with  respect  to  the  air  mass 
Magnitude  of  weapon  speed  with  respect  to  the  ground 
Weapon  weight 

Wind  speed  with  respect  to  tlie  ground 

Air  mass  coordinate  system;  origin  at  release  point.  1  is 
positive  down,  X  is  horizontal,  Y  ••  Z  x  X 

^  ^  ^ 

Coordinate  system  coinciding  with  X,  Y,  Z  system  of  we  ipon 
release,  but  fixed  v/ivh  respect  to  the  ground 

Angle  of  attack 

Angle  of  skid 

Function  to  account  for  the  effects  of  aerodynamic  drag  in 
closed  trajectory  equations 

Ballistic  lead  angle:  angle  In  a  vertical  plane  between 
the  line  of  sight  to  the  target  at  release  and  the  direc¬ 
tion  of  the  Initial  velocity  vector 
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L 

6 


P 

T 


^  ^  T 


Operator  indicating  an  Increncntal  change  in  a  variable, 
i.e, ,  AX  *  dX 

Release  angle;  angle  between  the  velocity  vector  oi  the 
weapon  at  release  and  the  horizontal,  positive  when  the 


velocity  vector  is  above  the 
Air  density 

Angle  between  the  tai  ,  'nt  to 
and  the  horizontal:  5  0; 

Line  of  sight  or  harp  angle: 
and  the  line  of  sight  to  the 

Functions  to  account  for  the 
closed  trajectory  equations 


horizontal 

the  trajectory  at  any  point 
s  impact  angle 

angle  between  the  horizontal 
target  at  release 

effects  of  aerodynamic  drag  in 


C .  ASSLTiPTIONS 

The  ballistic  equations  of  the  next  sections  were  derived  using  the 
follcK>?ing  assumptions: 

a.  The  acceleration  of  gravity  is  equal  to  32.174  ft/sec^  and  is 
constant,  independent  of  altitude, 

b.  The  earth  is  flat  and  nonrotating. 

c.  Wind  is  constant  from  release  point  to  impact  point, 

d«  The  air  density  is  that  given  by  the  ICAO  Tables  of  1954, 

e.  The  forces  acting  on  the  weapon  are  due  only  to  gravity  and  to 
the  motion  of  the  weapon  through  the  atmosphere. 

The  aerodynamic  forces  are  further  assumed  to  act  only  along  the 
longitudinal  axis  of  the  weapon  with  a  magnitude  given  by: 


F  -  7"  s  .  (1) 

In  eq,  1,  is  the  aerodynamic  drag  coefficient  at  zero  lift  or 

zero  angle  of  attack,  and  S  is  a  reference  area,  usually  the  maximum  body 
cross-section  area.  The  deceleration  of  the  weapon  is 


D 


(2) 


where  W  is  the  weight  of  the  weapon,  and  the  units  of  p  have  changed  from 
mass  per  '^olume  in  eq.  1  to  weight  per  volume  in  eq,  2  to  account  for  the 
"missing'  gravity  term. 
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If 


then 


(3) 


In  ballistic  work,  the  weapon  deceleration  due  to  drag  Is  normally 
written 


D  -  P  c  Kjj 

where  c,  the  reciprocal  ballistic  coefficient,  is  defined  by: 


(4) 

(5) 


and  Kq  is  the  ballistic  drag  coefficient.  From  eq.  3,  4,  and  5,  it  is 
evident  that,  for  i  ■  1, 


or 


0.3927  Cd 


Cp  -  2.546  Kj)  . 


(6) 


In  eq.  5,  1  is  called  the  form  factor,  and  is  introduced  as  a  correc¬ 
tion  term  relating  the  ballistic  drag  coefficient  of  some  standard  pro¬ 
jectile  to  that  of  a  projectile  of  usually  similar  shape.  Thus,  if  Kp 
is  the  drag  function  of  a  standard  projectile,  the  form  factor  i  is  ® 
given  by 


and  is  a  sort  of  average  correction  term  applied  to  the  drag  coefficient 
of  the  standard  projectile  to  obtain  a  drag  function  suitable  for  the 
weapon  at  hand. 


D.  EQUATIOriS  OF  MOTION,  DIFFERC.’TIAL  RELATIONSHIPS,  A:{D  WIND  EFFECTS 


!•  Normal  Equations  of  Motion 


In  terras  of  the  air  mass  coordinate  system  defined,  •’he  assumptions 
stated  in  the  previous  section  lead  to  the  following  differential  equa¬ 
tions  of  motion  for  particle  ballistics: 


-D  cos  r 


D  sin  r  4-  g  , 
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-  u  cos  T  ,  ^  ^ 

where 

D  -  P  c  Kjj  . 

The  ballistic  equations  of  the  next  sections  were  obtained  from 
Taylor  aeries  solutions  of  eq.  7  of  the  general  form 


where  the  subscript  o  indicates  that  the  derivatives  are  evaluated  at  the 
release  point  of  the  weapon,  i.e,,  at  X  ■  Y  ■  Z  ■  t  *0, 

2.  Differential  Relationships 

Table  1  is  a  compilation  of  some  useful  first  derivatives  from  which 
the  higher  order  derivatives  can  be  obtained. 


TABLE  1.  Differential  Relationships 


HKj 

X 

z 

u 

T 

t 

i 

1 

-  tan  r 

/d  _+  R  sin  T  \ 

ZL. 

u' 

1 

^  u  cos  ‘T  j 

u  cos  r 

z 

-  cot  r 

1 

nw 

g  cot 

-  1 

u  sin  T 

u^ 

u  sin  r 

u 

-  u  cos  r 

D  +  g  sin  r 

u  sin  T 

1 

1(  g  cos  T  1 

-1 

D  g  sin  T 

u\D+g  sin  tJ 

U  +  p  sin  r 

1 

u' 

u  ^  t  an  T 

g  sin  T  \ 

1 

1 

c 

g 

g 

\  g  cos  T  j 

g  cos  T 

1 

U  cos  r 

-u  sin  T 

-(D  +  c  sin  r) 

_  S-  _r 

u 

1 

D  -  PcK^(M)  u^ 


d^X 

dt‘ 

-  -D 

cos  T  ^ 

dX 

dt 

”  U  cos  r  ^ 

d^Z 

dP* 

«  n 

sin  T  +  g 

’  dt 

*  -u  sin  r  . 
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3,  Wind  Correction 

With  the  normal  equations  of  particle  ballistics  solved  In  an  air- 
mass  coordinate  Byaten,  the  notion  of  the  air  mass  must  be  accounted  for 
If  the  variables  of  the  trajectory  need  to  be  described  In  terns  of  a 
fixed  coordinate  system,  e.g.,  thi  X'Y’Z*  system  defined  In  Section  B.l, 

If  wind  Is  rer-trlcted  to  be  horizontal  and  constant,  the  relations 
between  the  trajectory  parameters  In  the  X’Y'Z'  and  the  XYZ  systems  are: 


tf'  ■  tf  (no  vertical  wind)  ,  (9) 

X*  -  X  +  W^tj  ,  (10) 

Y’  -  Wytf  ,  (11) 

Vj^  ■  (uj^  +  W^  2Wuj  cos  tj^)^  ,  (12) 

“l 

sin  r.*  ■  —  sin  t.  .  (13) 


In  the  above  equations,  Wj^  and  Wy  are  the  X  and  Y  components  of  wind, 
respectively,  and  thus 


and 
Also , 


''1 

Ul 


(Vx  +  ly  + 


(14) 


(15) 


E,  SOLUTIONS  TO  EQUATIONS  OF  MOTION 


1. 


Vacuum  Case.  D  «  0 
a.  Variable  Z 

X  - 

t  «= 
tan  T  ■ 

U  - 


Uo^_cos  g  L  ^  ^  Vsln^  e  ^  . 

t*-  , _ n^o^  -I 

sin  e  Vsln^  9  +  J  . 

-  sec  6 

+  2Z6  -  Uo  Vl  +  • 


(16) 

(17) 

(18) 
(19) 
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b.  Variable  t 

X 

z 

tan  T 


Uot  cos  0  . 

-Uot  sin  9  . 


-  tan  $  + 


Pt . __ 

L’o  cos  e  * 


u  -  V  ^o*  at  (et  -  2Uo  sin  e  ) 


c.  Variable  X 


Z  ■  -  tan  6  4- 


-ex: 


2Uo^  cos*  6 


t  ■ 


Uq  cos  $ 
tan  T  ■  -  tan  6  + 


Un*  COS*  d 


U  «V  Un^  - - i- 

°  Uq  cos  6 


O  cos  9 


-  2U«  sin  5 


') 


(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 


2.  Series  Solutions 


a«  Coefficients  of  Series  Solutions 


The  series  solutions  In  the  next  sections  are  written  In  terms  of 
coefficients  A,,  Aj,  and  A,.  These  coefficients,  given  below,  were  eval¬ 
uated  assuming  that  (1)  the  drag  coefficient  Ku  remains  at  Its  value  at 
release,  and  (2)  air  density  at  altitude  h  above  MSL  Is  given  by^ 


0 


(28) 


where, 
leve 1 . 


for  h  In  feet,  a  ■  3.015  x  10”*  ft”',  and  Pq  is  air  density  at 
With  Dq  •  PC  Kd  Uq* ,  the  coefficients  are  as  follows: 

.  ^  Do 

A|  ■  » 

Mq  cos  B 


sea 


(29) 


This  Is  not  In  accordance  with  ICAO  standards,  but  It  allows  an 
analytical  expression  for  the  density  In  the  series  coefficients.  This 
expression  gives  values  /ery  close  to  the  ICAO  that  was  used  In  computa¬ 
tion  of  the  tables. 
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.  (30) 


*’  •  Po  -  <g  °  "o' )  •  ”0) 

'  Oo»*cM^S'  [*  “o’  +«<«  +  “  “o’)  oo.’tf 
-  2D  (4g  +  3aO„’)  tin  B  *  2cio  (3g  +  2to’ )  tin’ll- 


*  Uq*  cos  *  6 


Alternate  expressions  for  these  coefficients  are: 
A,  -  A  pc  Kd  sec  $  , 


A,  -  -  A,  (g/Uo^  +a)  tan^  . 


*>  *  'V  •  V  *  3<^tan«  + 


Independent  Variable  X.  Horizontal  Range 


Z  ■  -X  tan  $  + 


Uq  cos  6 


1 

(A)(8) 


^  .  gX^  .  A,X  .  A,X^  .  AaX*  .  \ 

•®"  ^  2Uo^ C082  d  \  ^  "aT  5!  *  y 

[‘•nOT'irh!)  (‘■-’f-) 


tan  T  «  tan  6  -  —g^  '  -  , 

Uo^  cos2  6 


U  cos  T  “  Uq  cos 


i( 


- 


3Ai  A2  5A 


/,  A,  X  A,  X^  A3  X^  \ 

(l+—  —  +  —2'  ■—  +  — =•  —  +  .,  .1(37) 

\  2  2!  2  3!  2  A! 

r  2A,  X  1  /,  .3aA  2 

« [1 - s - 8  V'^’  ■  ■ 

<•  *  •••!  • 
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c .  Independent  Variable  t.  . LUSllL 

A,  Uot  cos  e  Aj  -  At’  ,  ,  \ 

X  -  Uq  t  cos  0(1  -  — - cosz  0  +  ...j 


(39) 


■  -  tan  0  + 


2Uq  ^cos  6 


( 


1  + 


A)  Upt  cos  0 
4! 


■) 


+  0  +  ...I  .  (^0) 


tan  T  ■  tan  e  - 


JlL 


Uo  con  0 


[ 


1  + 


Ai  Hot  cos  0 


p?  t^  cos^  0  +  ...I  •(41) 


U  cos  T  «  Up,  cos  e 


/ 1  .  H££_E£2_®  .  u„>  cos’e (42) 


d.  Independent  Variable  (tan  9  7!/X) 

2A  ,  Uo^  cos^  0 


X  .  2UaL££9i2  (tanG+|)j^l- 


(tan  ®  x^  ” 


t  - 


2Un  COS  0 


(43) 


an  ®  x) 


1  + 


0  Z.  r.  2A,  /  Unices  2  e\ 

-  J - jet. 

.  (-e.  f)  ....]  . 

f)- 

{¥  -  f)’  -••] 


tan  T  ■  tan  9  -  2  (tan  G  ■*■  "x^ 


U  cos  T  ■  Up,  cos  0 


(44) 


(45) 


(46) 
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e,  Indenendpnt  Variable  (tan  6  -  trn  t) 

Urt’  cos’  0  ,  ,  -  r ,  A ,  /  Up’  coo’  e  \ 

X  .  (tan  0  -  tan  t)  |^1  -  —  ^ ^  ( 


tan  0  -  tan  t) 


-  Z  (tfln  o  “  tan 

r  An  ^  «•  mmm  gi  ■Jiiii  -—in  ~ 

X  2 


Uo  cos  0  ,  ft  » 

t  a  . .  (tan  0  -  tan  t) 

g 


(tan 

0  -  tan  t)  + 

r. 

2  A)/Uo’  cos 

4J  \  g 

(tan 

0  -  tan  t)  + 

r. 

At/\Jo’  cos’  0 

8  V  8 

J  .  (‘7) 

l(tan  6  -  tan  t)  - 


,..J  .  (A8) 

(tan  6  -  tan  t)  - 


1  /  5  A,2\  /Uo’  cos’6\  ,,  1 

A  p - T”)  e  -  tan  T) 


(49) 


U  cos  T  ■  Uq  cos  0 


[i  - 

i(,,. 


(tan  6  -  tan  t)  - 


(tan  0  -  tan  t) 


’  *...]  . 


(50) 


f ,  Accuracy  of  Series  Solutions 

In  general,  these  series  solutions  will  provide  solutions  accu¬ 
rate  to  within  one  or  two  percent  of  value  for  low  or  medium  drag  weapons 
(e.g.  the  Mk  76  bomb)  released  at  less  than  1,000  ft/sec  velocity  below 
+10  degrees  release  angles,  and  for  ground  ranges  less  than  15,000  to 
20,000  feet. 

For  higher  drag  weapons,  the  series  convergence  Is  slow,  and  the 
remainder  term  implicit  In  each  of  the  equations  becomes  large,  causing 
considerable  error,  A  sample  calculation  using  set  E.2.b.  will  Illus¬ 
trate, 


From  Table  8,  we  find  for  the  Mk  76  bomb  that  the  release  condi¬ 
tions  : 

Z  -  5,000  ft  ,  Uq  "  ft/sec  y  6  -  -20  deg 

yield  the  resulting  trajectory  parameters  at  Z  ■  0; 
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X  -  7,986  ft  , 

t£  ■  11.841  sec  , 


■  818.0  ft/sec  , 

T  ■  42.96  deg  . 


With  the  given  ground  X  and  using  eq.  24  to  get  an  approKlnate 

value  of  Z  from  vhich  to  find  elr  density,  Msch  nunbcr,  and  the  appropri¬ 
ate  value  of  Kd,  the  series  solutions,  set  E.2,b.,  give  from  eq.  35,  36, 
37,  and  38; 


Z  «  4,992  ft;  error  -  '^.leZ  , 
tf  ■  11.803  sec;  error  ■  0.32%  , 


T  ■  42.92  deg;  error  ■  0.09%  , 

■  824.9  ft/sec;  error  ■  0.84% 


By  contrast,  the  vacuum  equations  yield: 

Z  ■  4,722  ft;  error  ■  5.56%  ,  t  ■  -39.30;  error  *  8.69%  , 

t£  ■  10.623  sec;  error  ■  10.30%  ,  ■  971.5  ft/sec;  error  »  18.77% 

As  an  example  for  a  high  drag  weapon,  Table  9  gives  for  the  ficti¬ 

tious  HD  200  bomb,  with  the  release  conditions: 

Z  ■  500  ft  , 

0  •  0  deg  , 

Uq  ■  800  ft/sec  , 

the  following  trajectory  parameters  at  Z  ■  0  ft: 


X  -  2,100  ft  , 


T  •  43.75  deg  , 


tf  •  7,053  sec  » 


“  184.0  ft/sec  • 


Equations  set  E,2.b.  with  sea  level  air  density  assumed,  gives 

Z  ■  401.6  ft;  error  “  19.7%  ,  Tf  -  33.82  deg;  error  “  22,7%  , 

t£  ■  6.496  sec;  error  8.2%  ,  Uj  •  (unknown,  series  alternatirg] 

In  this  example,  It  Is  obvious  that  the  convergence  of  these  series 
solutions  is  slow,  and  too  few  terms  are  Included. 

For  high  drag  weapons  such  as  the  HD  200,  It  la  suggested  that  the 
closed  solution  equations  of  the  following  sections  be  used  rather  than 
the  series  solutions. 
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3.  Cler.ed  Solutions 


A  closed  solution  Is  easier  to  work  with,  particularly  when  the  equa¬ 
tions  are  used  in  a  bon'.blng  system.  Two  forms  are  considered  here:  (1) 
an  exponential  approximation  to  the  series  solutions;  and  (2)  an  empiri¬ 
cal  function  representation  of  the  solution. 


Tliu  basic  equations  are  written  as: 


Z  -  -  X  tan  6  + 


2  2 
2Uo  cos  e 


i>  > 


(51a) 


*  d  ■  ■■!■■■  I . .  A 

'f  U  cos  0  *  » 

o 


(51b) 


tan  T  ■  tan  9 


„  2  2  ^ 
Uq  cos  6 


and 


U  cos  T  ■  U  cos  6 
o 


(51c) 


(51d) 


The  problem  is  to  find  convenient  functions  for  i(i,  ♦,  ij»  ,  and  These 

are  given  in  series  form  by  eq .  35  through  37.  These  series  suggest  that 
the  variable: 

pcKjj  X  sec  6 

be  used  in  finding  suitable  functions.  For  condensing  the  notation  use: 


k  -  (2/3)  pcKjj  , 
k^-  (2/3)  O^cK^, 


(52) 

(53a) 

(53b) 


when  the  T  subscript  indicates  value  at  tie  Impact  (target)  point.  Fig¬ 
ure  2  indicates  the  bomb  terminal  velocity  as  a  function  of  k  for  p  equal 
to  sea  level  value. 


One  set  of  approximations  is; 


In  ii 
tn  ♦ 
tn 

T 


*  kX  sec  0  (1  +  0.285  kX  rec  6)  , 
<1  (3/4)kX  sec  0  (1.0364  +  0.134  kX 
»  (3/2)kX  sec  9  (1.0173  +  0.296  kX 


sec 

sec 


e)  , 
e)  . 


(54a) 

(54b) 

(54c) 


n 
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2 

For  many  uses  these  can  be  epproxlcated  by  : 


tn 

♦  • 

kX  sec  6  , 

(55a) 

tn 

♦  • 

(3/4)ln  tp  , 

(55b) 

In 

^  • 

(3/2)tn  ,  and 

(55c) 

in 

(3/2)tn  ip  . 

(55d) 

For  other  uses,  such  as  In  bombing  systems  and  some  nomographs,  a 
mathematical  expression  is  not  needed.  This  leads  to  the  empirical 
functions^: 


4>  •  4»(kX  sec 

0) 

(56) 

♦  ■  ♦ (kX  sec 

0) 

(57) 

■  i^^(kX  sec 

0) 

(58) 

Figures  3  to  8  show  empirical  functions  which  were  determined  by  using 
bombing  tables  (for  several  bombs)  that  had  been  computed  by  numerical 
integration,  and  then  computing  the  functions,  such  as  ip ,  in  reverse. 
Figures  9  to  17  show  the  data  used  in  obtaining  the  functions.  The 
accuracy  of  the  fit  can  be  seen.  Tables  2,  j,  and  4  give  the  functions 
in  number  form.  Using  in  the  above  equations  gives  a  better  fit  for 
retarded  bombs . 


Most  retarded  bombs  are  not  retarded  from  release  (as  is  assumed  in 
this  report)  but  are  low  drag  for  a  short  time  or  distance  from  the  air¬ 
craft.  This  discontinuous  drag  presents  a  problem.  Empirical  functions 
similar  to  those  shown  in  Fig.  3*8  can  be  obtained;  however,  each  bomb 
will  probably  have  its  own  set  of  functions. 


Often  the  lead  angle,  y, 
sin  Y  ■ 


is  desired.  TTiis  can  be  obtained  by: 

gX.c|s.JX---U  ^  , 

2U  cos  6 
o 


(59) 


2 

These  give  good  results  for  low  drag  bombs.  For  higher  drag  bombs 
and  retarded  weapons  an  empirical  value  of  k  should  be  used.  The  expres¬ 
sion  for  u  must  be  used  with  skepticism  on  high  drag  bombs. 

^The  basic  equations  51  and  59  can  be  used  to  express  the  empirical 
functions  independent  variable  in  various  forms. 
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Ballistic  Drag  Function. 
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FIG.  5.  Ballistic  Drag  Function. 
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FIG.  9.  Ballistic  Drag  Function 


MKbl/2  a3/E 


Function 


MK8I/2  a  3/E 


26 


FIC.  13.  Ballistic  Drag  Function. 
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Pin.  15,  Ballistic  Drag  Function. 
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TABLE  2.  Ballistic  Function  V  and  in  t  Versus  2/3  pc  Kq  x  sec  b  (kX  sec  b) 
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TABLE  4.  Ballistic  Function  and  tn  Versus  pc  x  sec  B  (3/2  kX 
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TABLE  A.  Ballistic  Function  and  In  Versus  Pc  Kq  x  sec  o  (3/2  kX 
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One  of  the  nomographs  uses  the  strictly  empirical  equation; 


2Z 

g 


,<krt)z»'5.5) 


Figure  18  gives  a  graph  of  versus  terminal  velocity. 


(60) 


^  •  Partial  Derivative  Eniiations 


The  partial  derivative  equations  of  this  section  were  obtained  from 
the  closed  trajectory  equations  of  Section  3.  For  an  Initial  set  of  re¬ 
lease  conditions  and  the  resulting  trajectory  parameters,  the  equations 
will  give  the  change  In  the  dependent  variable  due  to  an  Incremental 
change  In  the  Independent  variable  from  Its  value  In  the  Initial  set,  all 
other  release  variables  remaining  constant.  Wliere  possible,  several  equi¬ 
valent  forms  of  the  equations  are  given. 

For  simplicity  the  assumption  Is  made  that  In  it  «  (2/3)  PcKp  X  sec 
0,  and  it  ■  exp  (2/3)  ocKp  X  sec  6.  For  very  high  drag  weapons  this  approxi¬ 
mation  for  the  more  exact  expressions  given  by  eq .  52,  54,  and  56,  will  re¬ 
sult  In  some  error,  but  this  is  usually  negligible  for  the  purpose  for  which 
these  equations  are  normally  used. 


(1)  Dependent  variable  X,  horizontal  range 


dZ 


2  2 
2U  cos  6 
o 


gXit  (2  +  tn’t)  -  2U  ^  sin  6  cos  6 

o 

_ X _ 

Z  +  (Z  +  X  tan  e)(l  +  tnit) 

_ 1 _ 

tan  (fi  +■  (tan  it  +  tan  6)(1  +  Init) 

■  -  cot  T 


au 


o  gXit  (2  +  ^.ntfi)  -  2U  sin  0  cos  0 

o 


(61a) 

(6lb) 


(61c) 


(61d) 

(62a) 


2X 

U 


_ Z/X  ♦  tan  0 _ 

(Z/X  +  tan  ft)  (2  +  Unit)  -  tan  0 


(62b) 
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2X  _ tan  ^  tan  9 _ 

U  (tan  ^  +  tan  6)  (2  +  tnili)  -  tan  9 


de 


2U  -  gXtjj  tan  6  (2  +  Ini) 
o 


gX  (2  +  tn  1^))  -  2J^  sin  0  cos  0 


•  X 


sec^  6  -  tan  6  (7/X  4-  tan9)(2  -f  fcnji) 
(z7x  +  tan  9)  2  +  Ini)  ~  tan 


V  9  ~  tan  0  (tan  »  +  tan  9)  (2  4-  Ini) 

(tan  i  +  tan  9)  (2  +  ini)  ~  tan  9 


-  X  (cot  T  +  tan  9) 


ax 

JCcKp) 


ini 


gXi  (2  +  ini)  “  2U  sin  6  cos  9 


X  (tan  i  tan  9)  ini _ 

cKp  tan  i  +  (tan  9  +  tan  0)(1  +  ini) 


— r;—  cot  T,  (tan  i  +  tan  9)  ini 

CKj^  I 


(2)  Dependent  variable  t,  time  of  fall 


dZ 


U  COS  9 
o 


{l  +  (3/4)  inioj  cot  T 


■  -  ~|l  +  (3/4)  tni}  cot  T 


(62c) 

(63a) 

(63b) 

(63c) 

(63d) 

(64a) 

(64b) 

(64c) 

(65a) 

(65b) 
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^0  ,r  2 

o  U  cos  e 

o 


|l  +  2  |l  +  (3/4)  tn,!;}  (tan  +  tan  G)  cot  t  (6Ga) 


“  I  1  +  2  {l  (3/4)  In';)}  (tan  (Ji  +  tan  0)  cot  t  j 


(66b) 


-  t  cot  T  (l  +  (3/4)  !,n!/| 


^  a;; 


(3)  Dependent  variable  t ,  Impact  angle. 


_il.  ,  1 
dU_ 


2  , 
— -  (tan  0  -  tan  t)  |l  -  cot  t  (tan  <*  +  tan  0)  { 1  +  (3/2)  J-nOj  j 


cot  T  tan  0  {l  +  f3/4)  In^} 


(70a) 


_ tan  eh  (3/2)tn’;t 

tan  (t»  +  (tan  (I  +  tan  e)(l  +  i-n;)) 


(70b) 


js""  T  cot  (3/4)tn:ii 


7  7 

U  ‘  cos  0 
o 


(7  la) 


cos^  T  oot  t  (tan  -  tan  t  )  {  1  +  (  3/4)  f.n .  I /X  (71h) 


2 

cos  T 


d(cK^) 


_ 

2  2 
2r^  cos 
o 


in'i'  (3  +  in.) 
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2 

cos  T 


(tan 


T  +  tan  fi 

3  cot 
2 


2  tan 


tn'i- 


<))  (3  +  Ini) 


(4)  Dependent  variable  V,  true  airspeed 


-  sec  T  sin  Si  ^^[{l  (3/2)£ni|| 

-  U  tan  0  secT  [|1  +  (3/2)  £ni}] 


dJJ  _  cos  ^  ,  -3/2 

d  U  COST*' 

o  1 


TT 

O 


de 


dZ 


cot 


£n; 


dU 


3  0 

o 

2  cKp 


cos  0i 


cos  T 


-3/2 


£ni 


3  U  £ni 
2  cK^ 


(72b) 


(72c) 


(7  20 
(73b) 

(74a) 

(74b) 

(73) 


(7ba) 


(7bb) 
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III.  NUMERICAL  DATA 


A.  CONVERSION  FACTORS  AND  CONSTANTS 

Various  constants;  »  ■  3.14159265 

e  -  2.71828183 

Measures  of  ler.pth; 

1  meter  ■  1.0936  yards  «  3.2808  feet  •  39.3700  inches 
1  foot  “  0.30480  meter 
1  inch  «  2.5400  centimeter 
1  mile  1.60935  kilometer 
1  kilometer  *  0.62137  mile 
1  nautical  mile  -  6,076.1  feet 
1  mile  ■  0.66898  nautical  mile 

Measures  of  velocity; 

1  foot  per  second  ”  0.5925  knots 
1  knot  =  1.6878  feet  per  second 

Measures  of  pressure: 

1  pound  per  square  foot  ■  0.01414  inches  Hg  at  32®F 

■  4.725  X  10”^  atmosphere 
•  0.006944  pounds  per  square  inch 
1  millibar  2.089  pounds  per  square  foot 
1  atmosphere  ■  29.92  Inches  of  Hg  at  32®F 

Angular  measure; 

1  degree  *=  0.01745  radians  *  0.002778  revolutions 
1  radian  “  57.296  degrees 

B.  AIR  DATA  TABLE 

Several  parameters  of  interest  are  tabulated  in  Table  5  with  respect 
to  altitude.  The  values  given  here  are  in  agreement  with  the  values  de¬ 
fined  by  ICAO.  The  following  quantities  are  listed  herein; 

h  ■  altitude  in  feet 
*  density  in  Ib/ft^ 

P/Po  •  ratio  of  density  at  given  altitude  to  density  at  zero  altitude 
Pg  *  the  "standard"  pressure  for  that  altitude  given  in  Ib/ft’ 

ratio  of  pressure  at  given  altitude  to  pressure  at  zero 
altitude 

Cg  ■  speed  of  sound  at  given  altitude 

Conversion  factor  ^  Mach  no./ 1000  fps 

Ut/l'i  *  ratio  of  true  velocity  to  indicated  velocity 

T  =  standard  temperature  in  *F 


41 


NOTS  TP  390P 


TABLE  5.  Air  Data 


h 

ft 

pxlO-’ 

Ib/ft’ 

Ib/ft^ 

'^so 

Cs 

fps 

Mach  no. 
1000  fps 

Ut/Ui 

T  “F 

0 

7.648 

1.0000 

2116 

1.000 

.8953 

1.0000 

59.00 

200 

7.603 

0.9942 

2101 

0.9928 

.8961 

1.0029 

58.29 

400 

7.558 

0.9884 

2086 

0.9856 

IllH 

.8969 

1.0059 

57.57 

600 

7.514 

0.9826 

2071 

0.9785 

1115 

.8969 

1.0089 

56.86 

800 

7.470 

0.9768 

2056 

0.9714 

1114 

.8977 

1.0118 

56.15 

1000 

WM 

0.9711 

2041 

0.9644 

BBI 

.8985 

1.0148 

55.43 

1200 

■Xgl 

0.9654 

2026 

0.9574 

inn 

.8993 

1.0178 

54.72 

1400 

7.339 

0.9597 

2011 

0.9504 

1112 

.8993 

1.0208 

54.01 

1600 

7.296 

0.9540 

1997 

0.9435 

nil 

.9001 

1.0238 

53.29 

1800 

7.253 

0.9484 

1982 

0.9366 

1110 

.9009 

1.0268 

52.58 

2000 

0.9428 

1968 

0.9298 

1109 

.9017 

m 

51.87 

2200 

WSm 

0.9372 

1953 

0.9230 

1108 

.9025 

■KBS 

51.15 

2400 

Bta 

0.9316 

1939 

0.9163 

1108 

.9025 

1.0361 

50.44 

2600 

7.082 

0.9261 

1925 

0.9095 

1107 

.9033 

1.0391 

49.73 

2800 

7.040 

0.9206 

1911 

0.9029 

1106 

.9042 

1.0422 

49.02 

3000 

6.998 

0.9151 

1897 

0.8962 

1105 

.9050 

1.0454 

B 

3200 

6.957 

0.9097 

1883 

0.8896 

1104 

.9058 

1.0485 

3400 

6.915 

0.9042 

1869 

0.8831 

1104 

.9058 

1.0516 

3600 

6.874 

0.8938 

1855 

0.8766 

1103 

.9066 

1.0548 

mSs 

3800 

6.833 

0.8934 

1841 

0.8701 

1102 

.9074 

1.0580 

ra 

4000 

6.792 

0.8881 

0.8637 

.9083 

1.0611 

B 

4200 

6.751 

0.8828 

1814 

0.8573 

1101 

.9083 

1.0643 

mm 

4400 

6.710 

0.8774 

1801 

0.8509 

.9091 

1.0676 

mSSi 

4600 

6.670 

0.8722 

1787 

0.8446 

1099 

.9099 

1.0708 

mm 

4300 

6.630 

0.8669 

1774 

0.8383 

1098 

.9107 

1.0740 

B 

5000 

6.590 

0.8617 

1761 

0.8320 

1098 

.9107 

1.0773 

41.17 

5200 

6.550 

0.8565 

1748 

0.8258 

1047 

.9115 

1.0806 

40.46 

5400 

6.510 

0.8513 

1735 

0.8197 

1096 

.9123 

1.0838 

39.74 

5600 

6.471 

0.8461 

1722 

1095 

.9132 

1.0872 

39.03 

5800 

6.431 

0.8410 

1709 

0.8074 

1094 

.9141 

1.0905 

38.32 

6000 

6.392 

0.8359 

1696 

0.8014 

1094 

.9141 

1.0938 

37.60 

6200 

6.353 

0.8308 

)683 

0.7954 

1093 

.9149 

1.0971 

36,89 

6400 

6.315 

0.8257 

1670 

0.7894 

1092 

.9158 

1.1005 

36.18 

6600 

6.276 

0.8207 

1658 

0.7834 

1091 

.9166 

1.1039 

35.46 

6800 

6.238 

0.8156 

1645 

0.77/5 

1090 

.9174 

1.1073 

34.75 

TABLE  5.  (Cont'd) 


h 

ft 

pxlO-^ 

Ib/ft’ 

P 

Po 

S 

lb/6t* 

Ps 

Cs 

f  ps 

Mach  no. 
1000  fpc 

Uj/Ui 

T  ’F 

7000 

6.199 

0.8106 

1633 

0.7716 

1090 

.9174 

1.1107 

34.04 

7200 

6.161 

0.8057 

1521 

0.7653 

1089 

.9183 

1.1141 

33.32 

7400 

6.124 

0.8007 

1608 

0.7600 

1088 

.9191 

1.1177 

32.61 

7600 

6.086 

0.7958 

1596 

0.7542 

1087 

.9200 

1.1210 

31.90 

7800 

6.048 

0.7909 

1584 

0.7485 

1086 

.9208 

1.1245 

31.18 

8000 

6.011 

0.7860 

0.7428 

.9208 

1.1279 

30.47 

8200 

5.974 

0.7812 

0.7371 

1085 

.9217 

1.1314 

29.76 

8400 

5.937 

0.7763 

■tHSl 

0.7315 

1084 

.9225 

1.1349 

29.04 

8600 

5.900 

0.7715 

1536 

0.7259 

1083 

.9234 

1.1385 

28.33 

8800 

5.864 

0.7667 

1524 

0.7203 

1083 

.9234 

1.1409 

27.62 

5.827 

0.7620 

0.7148 

1082 

.9242 

1.1456 

26.91 

9200 

5.791 

0.7572 

0.7093 

1081 

.9251 

1.1492 

26.19 

9400 

5.755 

0.7525 

0.7039 

1080 

.9239 

1.1528 

25.48 

9600 

5.719 

0.7478 

0.6984 

1079 

.9268 

1.1564 

24.77 

9800 

5.683 

0.7431 

1467 

0.6931 

1079 

.9268 

1.1600 

24.05 

10000 

5.648 

0.7385 

0.6877 

1078 

.9276 

23.34 

10500 

5.559 

0.7269 

BSOB 

0.6745 

1076 

.9294 

DCS  1 

21.56 

11000 

5.472 

0.7156 

BQIQ 

0.6614 

1074 

.9311 

■Biat  1 

19.77 

11500 

5.336 

0.7043 

BBCT 

0.6486 

1072 

.9328 

1.1916 

17.99 

12000 

5.301 

0.6932 

1346 

0.6360 

1070 

.9346 

1.2011 

16.21 

12500 

5.217 

0.6822 

1320 

0.6236 

.9363 

1.2107 

14.42 

1 3000 

5.134 

0.6713 

1294 

0.6113 

mm 

.9381 

1.2205 

12.64 

i:5oo 

5.052 

0.6061 

1268 

0.5993 

1064 

.9398 

1.2304 

10.86 

14000 

4.971 

0.6500 

1243 

0.5874 

1062 

.9416 

1.2403 

9.07 

14500 

4.891 

0.6396 

1218 

0.5758 

1060 

.9434 

1.2504 

7.29 

15000 

1^ 

0.6292 

0.5643 

M 

.9452 

1.2606 

5.51 

15500 

0.6190 

itisi 

0.5531 

.9470 

1.2710 

3.73 

16000 

WgSM 

0,6090 

1147 

0.5420 

1054 

.9488 

1.2814 

1.94 

16500 

0.5990 

1124 

0.5411 

1052 

.9506 

1.2921 

.16 

17000 

um 

0.5892 

1101 

0.5203 

1050 

.9524 

1.3028 

-1.63 

17500 

HBQ 

0.5795 

1079 

0.5098 

1048 

.9542 

1.3137 

-3.48 

18000 

Hriial 

0.5699 

1057 

0.4994 

1046 

.9560 

1.3246 

-5.19 

18500 

0.5604 

1035 

0.4892 

1043 

.9588 

1.3358 

-6.97 

19000 

4.215 

0.5512 

1014 

0.4791 

1041 

.9606 

1.3470 

-8.76 

19500 

4.144 

0.5419 

993 

0.4693 

.9625 

1.3584 

-10.54 

20000 

4.075 

0.5328 

972 

0.4595 

1037 

.9643 

1.3700 

-12.32 

22000 

3.805 

0.4976 

894 

0.4223 

1029 

.9718 

1.4176 

-19.46 

24000 

3.550 

0.4642 

820 

0.3876 

1021 

.9794 

1.4678 

-26.59 

28000 

3.078 

0.4025 

688 

0.3250 

1004 

.9960 

1.5762 

-40.85 

30000 

2.861 

0.3741 

628 

0.2970 

995 

1.0050 

1.6349 

-47.99 
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C.  BALLISTIC  DRAC.  COEFFICIENT  FIN-'CTTONS  FOR  VARIOUS  BOMBS 

Jloth  nunerical  data  and  graphs  are  given  to  show  the  ballistic  drag 
coefficient  functions  for  different  bor.bs.  By  reference  to  Table  10, 

It  may  be  noted  that  in  several  cases  many  bombs  can  be  represented  bv  the 
the  same  Kq  curve;  the  value  of  c,  the  reciprocal  ballistic  coefficient, 
nay  be  adjusted  to  match  the  various  Kr)  curves  if  two  bombs  have  the  sane 
general  shape  for  their  representative  curves  (see  eq,  5), 

In  Table  6,  Kfj  refers  only  to  the  ballistic  drag  coefficient.  For 
comparison  with  other  tables  using  the  aerodvnanic  drag  coefficient  Cj^, 
it  should  be  recalled  that; 


The  various  bombs  are  denoted  by  numbers;  the  numbering  scheme  is  as 
follows : 


Bomb  No,  Description  of  Bomb  or  Type  of  Kp  Curve 


1 

2 

3 

4 

5 

6 

7 

8 
9 


Standard  ;  drag  function 
ML  83/2&3/L: 

*Ik  76/042/N 
Mk  76/4/T/L 
ML.  7b/4/T/N 
iin-200  C  f  ic  1 1 1 1  ous) 

Mk  43/0  (Nose  Mk  43/1) /large  fin 
AN-M57A1  M126  fin 
Ai:-M64A1  M128A1  fin 


See  paragraph  F  (page  P5)  for  explanation  of  bomb  designation 
abbreviat Ions  . 


Figure  n  provides  in  graphical  form  the  same  information  as  Table  f. 
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TABLE  6,  Bnllisttc  Drar  Coefficient  tnnctinns 


Mach 


Bomb 


no. 


no. 

1 

2 

3 

4 

5 

i  " 

7 

R 

9 

.00 

•• 

•• 

Hi 

.095 

.0  79 

.1066 

.0647 

.077 

.06  7 

.05 

.1003 

.0428 

.095 

.079 

.1066 

.0647 

.077 

.'.'6  7 

.10 

.0975 

.0428 

wbm 

.095 

.079 

.1066 

.0647 

.077 

.06  7 

.15 

.0948 

.0428 

.0783 

.095 

.0  79 

.  1066 

.0647 

.077 

.06  7 

.20 

.0921 

.0428 

.0761 

.095 

.079 

,  1  ()66 

.  06  4  7 

.077 

.06  7 

.25 

WM 

.0428 

.0739 

.095 

.079 

.1066 

.0647 

.077 

.067 

.30 

.0428 

.0718 

.093 

.079 

.1066 

.0647 

.077 

.067 

.35 

.0846 

.0699 

.095 

.079 

.  1066 

.(J647 

.077 

.(J67 

.40 

.0826 

.0428 

.0682 

.0  79 

.1066 

.0647 

.07  7 

.00  7 

.45 

.0810 

.0428 

.0669 

.095 

.0  79 

.1066 

.0(.4  7 

.077 

.1167 

.50 

.0799 

.0428 

.0660 

.095 

.0  79 

.1066 

.0647 

.077 

.067 

.55 

.0794 

.0423 

.06  56 

.09  7 

.u79 

.1066 

.0647 

.077 

.06  7 

.60 

.0799 

.0428 

.  0660 

.098 

.080 

.1066 

.0647 

.077 

.167 

.65 

.0816 

.0423 

.06  74 

.0995 

.0815 

.  1066 

.0647 

.077 

.06  7 

.70 

.0850 

.0428 

.0  702 

.1025 

.083 

.1066 

.0647 

.077 

.06  7 

.75 

.0908 

.0428 

.0750 

.  107 

.0845 

.1066 

.  06  47 

.077 

H 

.80 

.  1000 

.0428 

.0826 

.113 

.087 

.0647 

.  Ofcu 

mm 

.82 

.  104R 

.0429 

.0866 

.117 

.089 

.064  7 

.081 

mm 

.84 

.1106 

.0434 

.0914 

.121 

.091 

.(J6  50 

.03,5 

.0  74 

.86 

.1174 

.0451 

.0970 

.126 

. 

.095 

.0653 

.089 

.0  78 

.88 

.1251 

.0479 

.132 

Hi! 

.06  58 

.094 

.90 

.1340 

.0527 

WllM 

.140 

.0662 

.106 

.91 

- 

- 

- 

.145 

- 

.117 

HQI 

.92 

.1438 

.0595 

.1188 

.151 

.0668 

BUI 

.93 

- 

- 

.157 

HH 

- 

HQJ 

mm 

.94 

.1546 

.0671 

.1277 

.165 

BD 

HI 

.0680 

.162 

.1j7 

.95 

- 

- 

- 

.174 

- 

.176 

.175 

.96 

.1660 

.0756 

.183 

.0701 

.193 

.19  3 

.97 

- 

- 

.194 

- 

.205 

.211 

.98 

.1774 

.0852 

.205 

HQ 

.0755 

.220 

.227 

.99 

• 

■HIM 

.217 

.16  3 

.231 

.242 

1.00 

.1885 

.095H 

.229 

.175 

.0867 

.240 

.2  54 

1.01 

- 

- 

.24'j 

,2v)4 

- 

.240 

.263 

1.02 

- 

.1074 

.251 

.224 

.0985 

.  249 

.2  70 

1.05 

.2130 

.1238 

.277 

.248 

.  106  7 

.255 

.282 

I.IU 

.2308  i 

.1307 

.  1  906 

.249  ! 

.2  70 

.1100 

.26  2 

.290 

1.15 

.2430  I 

.1326 

.2007 

.313 

.285 

.1112 

.2r.  7 

.  2  9  5 

1.25 

.25.9  1 

- 

.2114 

.333 

.308 

.1112 

.:7:> 

.30  1 

1.50  1 

"  j 

.  1  337 

.  356 

.332 

.  100  7  i 

1 

.2  77 

.  3 ‘-ill 
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D.  BALLISTIC  TABLES  FOR  THE  MK  83,  fIF  76,  AND  HD-200  BOMBS 

On  the  following  pages,  numerical  data  are  given  for  the  Mk  83/2&3/E 
(Table  7),  the  Mk  76/062/N  (Table  8),  and  the  fictitious  retarded  bc^b, 
the  HD-2C0  (Table  9).^  The  fol  lowing  paran^ters  are  computed  for  fami¬ 
lies  of  release  velocities,  angles,  and  altitudes: 

X  Ground  range,  feet 

R  Slant  range  (R’  «  X''  +  Z*),  feet 

Line  of  sight  or  harp  angle,  degrees 

y  Ballistic  lead  angle,  degrees 

tj  Tine  of  flight,  seconds 

'I'e  Value  of  4'  computed  by  working  from  computed  pararrteters  (the 
exact  value  of  4') 

lr.4'.  Logarithm  of  4'^ 

ln4'^.  2/3  cKj^  X  sec  ft  (to  be  compared  with  the  exact  value  of 

Impact  angle,  degrees 
Impact  velocity,  feet  per  second 

AX  Chance  in  ground  range  .caused  by  change  of  one  degree  in 
release  angle,  feet 


4 


See  page  8'i  for 


data . 


explanation  of 


bomb  designation  notation 


and  bomb 
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TABU.  7.  Ballistic  Data  for  the  Ml;  R3  Mod  2&3/L 


z 

ft 

X 

ft 

R 

ft 

cleg 

7 

dc;- 

sec 

9' 

In'l'e 

In'l'e 

deg 

f  DS 

diX 

ft 

0 

o  - 

fps  6  ■  -40 

deg 

5000 

3468 

6084.9 

55.25 

15.25 

11.447 

Bi 

mm 

10000 

5520 

11426.7 

61.06 

21.06 

18.3''5 

mi 

U 

o  - 

fps  5 

-  -20 

deg 

1000 

1/66 

2029.5 

29.52 

9.52 

4.719 

1.005 

.00598 

.00549 

37.59 

470 

52 

2000 

2879 

3505.5 

34.79 

14.79 

7.714 

1.008 

.00886 

.00870 

45.83 

531 

67 

3000 

3761 

4810.9 

33.58 

18.58 

10.104 

1.012 

.01262 

.01102 

51.05 

586 

78 

4000 

4516 

6032.8 

41.53 

21.53 

12.155 

1.014 

.01459 

.01285 

54.78 

635 

84 

5000 

5184 

7202.4 

43.96 

23.96 

13.980 

1.C17 

.01725 

.01431 

57.63 

681 

91 

10000 

7826 

12698.3 

51.95 

31.95 

21.255 

1.025 

.02513 

.01.851 

65.77 

871 

100 

L 

o  ■ 

fps  ^ 

“  -lo 

deg 

1000 

2363 

2565.9 

22.94 

12,94 

6.033 

.00767 

.00702 

33.89 

469 

70 

2000 

2607 

4124.4 

29.01 

19.01 

9.236 

1.011 

.01124 

.01039 

.'.3,14 

530 

79 

3000 

4569 

3465.9 

32.29 

22.29 

11.726 

1.013 

.01380 

.01278 

48.86 

585 

84 

4000 

5381 

6704.9 

36.63 

26.63 

13.338 

1.016 

.01637 

.01461 

52.88 

6  34 

87 

5000 

6096 

7884.2 

39.36 

29.36 

15.706 

1.018 

.01872 

.01605 

55.92 

680 

91 

lUOOO 

8903 

13388.9 

48.32 

38.42 

23.088 

.02557 

_ 

.02009 

64.57 

870 

101 

Uo  «  400 

fps  8 

*  C*  deg 

1000 

3139 

3294.4 

17.67 

17.67 

7.905 

1  .l'U9 

^  '  1 

.00936 

.00918 

32.63 

468 

86 

2000 

4431 

4861.5 

24.29 

24.29 

11.191 

1.013 

.01301 

.01257 

42.28 

529 

85 

3000 

5419 

0194.0 

28.97 

28.97 

13.717 

1.016 

.01597 

.01493 

48.17 

584 

84 

4000 

6250 

7420.4 

32.62 

32.62 

15.852 

1.018 

.01833 

.01671 

52.30 

633 

84 

5000 

6981 

8586.9 

35.61 

35.61 

17.737 

1 .020 

.02019 

.01811 

55.42 

6  79 

84 

10000 

9838 

14028.1 

45.47 

_ 

45.47 
1,—  , 

25.157 

1.027 

.02723 

.02187 

869 

83 

Ug  *  400  fps  “  20  (leg 


luuu 

4913 

5013.7 

11.51 

31.51 

13.216 

1.014 

.0144(j 

.0152H 

37.95| 

466 

77 

2000 

1  6012 

6335.9 

18.40 

38.40 

16.213 

1.017 

.01755 

.01816 

46.20 

527 

62 

3000 

6885 

7510.2 

23.54 

43.54 

18.602 

1.020 

.01990 

.02018 

51.41! 

582 

51 

4000 

76  32 

8616.7 

27.66 

4  7.66 

20.653 

1.021 

.02176 

.02171 

55.12 

6  3? 

43 

5oOU 

'  8295 

9685.4 

31.08 

51.08 

22.482 

1.023 

.02333 

.U229i> 

57.95 

'  (,  78 

37 

10000 : 

!  10923 

i 

114809.2 

42.4  7 

62.47 

29.755 

1.028 

.02830 

.02  58.', 

6  5.99 

86  > 

15 
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TABLE  7.  (Cont’d) 


z 

ft 

X 

ft 

11 

ft 

dCR 

HI 

‘^f 

see 

B 

In^/g 

1 

I  deg 

fps 

ft 

Uq  -  600 

fps  d 

«  -40 

deg 

5000 

6577.8 

49.48 

9,418 

ISS 

HHI 

809 

113 

10000 

m 

12294,4 

54.43 

IBS 

15.980 

Isi 

■ 

fSm 

ms 

969 

168 

Uq  -  600 

fps  6 

•*  -20 

deg 

1000 

2119 

2343.1 

25.26 

5.26 

3.778 

1.006 

.00668 

.00659 

30.14 

645 

79 

2000 

3636 

4149.8 

2G.81 

8.81 

6.509 

1.011 

.01124 

.01098 

36.45 

688 

111 

3000 

4880 

5728.4 

31.58 

11.58 

8.758 

1.015 

.01538 

.01430 

41.01 

729 

131 

4000 

5959 

7177.0 

33.87 

13.87 

10.723 

1.018 

.01882 

.01695 

44.56 

767 

145 

5000 

6925 

8541.4 

35.83 

15.83 

12.489 

1.021 

.02147 

.01911 

47.43 

804 

157 

10000 

10787 

14709.2 

42,83 

22.83 

19.615 

1.031 

.03101 

.02551 

56.52 

964 

194 

U 

o  -  600 

fps  ® 

-  -10 

deg 

1000 

3114 

4370.6 

17.80 

7.80 

5.307 

1.009 

.00916 

.00924 

25.05 

643 

129 

4921 

5311.9 

22.12 

12.12 

8.422 

1.014 

.01469 

.01418 

32.63 

685 

151 

3000 

6333 

7007.6 

25.35 

15.35 

10.874 

1.019 

.01892 

.01771 

37.85 

726 

164 

4000 

7532 

8528.3 

27.97 

17.97 

12.965 

1.022 

.02196 

.02045 

41.81 

764 

171 

8590 

9939.2 

30,20 

20.20 

14.821 

1.025 

.02489 

.02262 

44.98 

801 

178 

10000 

12753 

16206.1 

38.10 

28.10 

22.178 

1.034 

.03382 

.02878 

54.80 

962 

19  7 

U 

o  =  600 

fps  $ 

“  0  dep 

1000 

4698 

4803.3 

12.02 

12.02 

7.913 

1.013 

,01380 

.01373 

23.21 

639 

194 

2000 

6626 

6921.3 

16.80 

16.80 

11.207 

1.019 

.01921 

.01880 

31.38 

582 

192 

3000 

8099 

8636.8 

20.33 

20.33 

13.741 

1.023 

.02323 

.02231 

36 . 88 

722 

189 

4000 

9337 

10157.7 

23.19 

23.19 

15.881 

1.025 

.02645 

.02496 

41.00 

761 

189 

5000 

10426 

11562.9 

25,62 

25.62 

17.773 

1.029 

.02893 

.02704 

44.27 

798 

188 

10000 

14684 

17765.7 

34.26 

34,26 

25.215 

1.037 

.03720 

,03264 

54.34 

959 

185 

U 

o  “  600 

fps  d 

=  20  dep. 

1 

u  c-  L) 

9;:*  i  i  I 

6 . 26 

1 

26.26 

16.492 

1.0271 

.02713 

.02835 

30.82 

630 

193 

2000 

10593 

10780.2 

10.69 

30.69 

19.280 

1.031 

.03072 

.03200 

37.21 

675 

175 

3000 

11810 

12185.1 

14.25 

34.25 

21.486 

1.034 

.03343 

.03462 

41.80 

717 

154 

4000 

12868 

13475.0 

17.27 

37.27 

23.453 

1.036 

.03566 

.03661 

45.33 

756 

140 

5000 

13318 

14694.8 

19.89 

39.89 

25.224 

1.037 

.03730 

.03814 

48.19 

794 

127 

10000 

17634 

20272.1 

29.56 

49.56 

32.433 

1.043 

.04239 

.04171 

5  7.12 

958 

88 

40 
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TABLE  7.  (Cont*d) 


z 

ft 

X 

ft 

R 

ft 

de^, 

7 

dep 

4 

sec 

% 

_ 

’’i 

dep 

fps 

1 

J  O-" 

i _ 

U 

Q  ■  800  fpi  5 

■  -AO  dcR 

5000 

A77A 

6913.1 

A6.32 

mm 

7.898 

n 

BP 

^^9 

957 

138 

10000 

8297 

12993.9 

50.32 

13.879 

H 

1079 

214 

u 

^  -  800  pfs  B  «  -20 

o 

dec 

1000 

2323 

2529.1 

23.29 

3.29 

3.107 

1.006 

.00578 

.00723 

26.46 

830 

99 

2000 

A138 

A596.0 

25.  *10 

5.80 

5.560 

1.013 

.01321 

.01250 

31.14 

861 

150 

3000 

5677 

6A20.9 

27.85 

7.85 

7.65A 

1.017 

.01764 

.01664 

34.84 

891 

182 

4000 

7035 

8092.7 

29.62 

9.62 

9.513 

.02001 

37.88 

920 

206 

5000 

8263 

9658.0 

31.18 

11.18 

11.205 

1.025 

.02489 

.02281 

40 . 46 

948 

225 

10000 

132A1 

16592.9 

37.06 

17.06 

18.161 

1.038 

.03739 

.03132 

49.38 

1069 

286 

Uq  “  800  pfs  »  -10  dep 


1000 

3670 

3803.8 

15.24 

5.24 

4.697 

hhh 

.01084 

.01089 

20.29 

826 

191 

2000 

5984 

6309.4 

18.43 

8.48 

7.699 

RPy 

.01794 

.01724 

26.34 

855 

225 

7819 

8374. 8 

20,99 

10.99 

10.099 

.02293 

.02187 

30.80 

885 

257 

AOOU 

9335 

10201.9 

23.08 

13.08 

12.161 

■ITOll 

.02693 

.02548 

34.35 

914 

272 

5000 

10772 

11875.9 

24.90 

14.90 

13.998 

1.031 

.03053 

.02837 

37.30 

942 

283 

10000 

16245 

_ 

19076.2 

- - 

31.62 

21.62 

21.340 

1.043 

.04239 

.03667 

47.17 

1064 

316 

Uq  *  800  pfs  ^  =  0  clep 


6250 

6329.5 

9.90 

9.90 

7.923 

ISi 

17.90 

817 

346 

2000 

8808 

9032.2 

12.79 

12.79 

11.225 

um 

.02528 

.02500 

24.71 

846 

339 

3000 

10759 

11169.4 

15.58 

15.58 

13.765 

lira 

.03063 

.02904 

29.54 

876' 

335 

4000 

12399 

13028.2 

17.88 

17.88 

15.913 

1.035 

.03450 

.03315 

33.32 

906 

332 

5000 

13841 

14716.4  i 

19.86 

19.86 

17.811 

1.038 

.03758 

.03590 

36.41 

934 

331 

10000 

19473 

21890.6 

_ 1 

27.18 

27.18 

25.301 

1.049 

.04803 

.04328 

46,62 

1059 

325 

Up  =  800  pfs  9  “  20  dep 


luoo 

14560 

14594.3 

3.93 

23.93 

20.002 

1.043 

.04530 

- 1 

27.43! 

794 

396 

2000 

16312 

16434.2 

6.99 

26.99 

22.47v3 

1.U47 

.04679 

.04927 

32.32 

828 

345 

3000 

17796 

18047.1 

9.57 

29,57 

24.579 

l.U5li 

.05003 

.05218 

36.08 

860 

313 

4000 

19113 

19527.1 

11.82 

31.82 

26.448 

1.053 

.05438 

39.15 

892 

289 

5000 

20312 

20918.3 

13.83 

33.83 

28.150 

1.055 

.05373 

.05b07 

41.73 

923 

269 

10000 

25200 

1 

27111. b 

21.64 

41.34 

35.110 

1.U60 

.05883 

.05961 

50.46 

1055 

207 

■■)0 
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TAJILE  7.  (Cont’d) 


z 

ft 

X 

ft 

R 

ft 

deg 

7 

deg 

t<r 

4. 

see 

T 

e 

Infg 

InTc 

deg 

> 

fps 

AX 

ft 

U  *  1000  fps 
0  * 

0  ■ 

-40  deg 

5000 

BH 

7134.3 

MBi 

6.794 

1.028 

B! 

WM 

!  48.52 

M 

155 

loooo 

HI 

13500,6 

WM 

12.426 

1.060 

Ba 

I  54.22 

a 

250 

Uq  “  1000  fps 

e  - 

-20  deg 

1000 

2AA6 

2642,5 

22.24 

2.24 

■Bn 

1.007 

1 .00668 

.00937 

24.44 

1017 

113 

2000 

AA75 

4901.6 

24.08 

4.08 

1.018 

.01745 

.01664 

28.00 

1034 

180 

3000 

62A1 

6924,6 

25.67 

5.67 

6.776 

1.027 

.02625 

.02338 

30.99 

1050 

227 

AOOO 

7823 

8786.3 

27.08 

7.08 

3.543 

1.034 

.03324 

.02902 

33.59 

1066 

261 

5000 

9265 

10528,1 

28.35 

8.35 

10.176 

1.041 

.04009 

.03352 

35 . 89 

1081 

288 

10000 

151A5 

18148.6 

33.44 

3.44 

17.095 

1.074 

.07130 

.05298 

44.59 

1143 

373 

Uq  =  1000  fps 

0  »  -10  deg 

1000 

A081 

4201.7 

13.77 

3.77 

4.191 

IR 

.01491 

17.48 

249 

2000 

6834 

7120.6 

16.31 

6.31 

7.076 

.02586 

.02425 

22.37 

BBI 

320 

3000 

90A6 

9530.5 

18.35 

8.35 

9.431 

IBS 

.03450 

.03234 

26.23 

1038 

357 

ACOO 

109A1 

11649.3 

20.08 

10.08 

11.477 

1.043 

.04201 

.03872 

29.42 

1054 

380 

5000 

12620 

13574.4 

21.61 

11.61 

13.316 

1.050 

.04917 

.04357 

32.16 

1069 

397 

10000 

19196 

21644.5 

27.52 

17.52 

20.797 

1.082 

_ 

.07909 

.06408 

42.07 

1132 

443 

Uq  *>  1000  fps 

0  *0  deg 

7778 

7842,0 

7.33 

7.33 

7.940 

Bi 

.02713 

.02800 

14.62 

a 

536 

2000 

109A0 

11121.3 

10.36 

10.36 

11.256 

IBS 

.03807 

.03823 

20.45 

ma 

523 

'3000 

133A3 

13676.1 

12.67 

12.67 

13.819 

1.048 

.04641 

.04698 

24.74 

1023 

515 

AOOO 

15355 

15867.5 

14.60 

14.60 

15.991 

1.055 

.05316 

.05352 

28.20 

1040 

510 

5000 

17115 

17830.4 

16.29 

16.29 

17.918 

1 .061 

.05931 

.05819 

31.13 

1056 

507 

10000 

23889 

25897.6 

22.71 

22.71 

25.608 

1,089 

.08554 

.07854 

41.51 

1125 

503 

Uq  *  1000  fps 

0  =20  deg 

1000 

21122 

21145.7 

2.71 

22.71 

23.602 

1.069 

BSII 

ni 

25.88 

m 

628 

2000 

230A9 

23135.6 

4.96 

24.96 

25.840 

1.073 

Ha 

29.63 

am 

566 

24729 

24910.3 

6,92 

26.92 

27.797 

1.077 

.07437 

.09267 

32.71 

523 

4000 

26242 

26545.1 

8.67 

28.67 

29.568 

1.080 

.09735 

35.34 

489 

5000 

27630 

28078.8 

10.26 

IShI 

1.083 

.07937 

.09998 

37.63 

1043 

462 

lOUUO 

33350 

34817.0 

16.69 

QQI 

1.093 

.08856 

. 1 1660 

46.06 

1126 

381 

SI 
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Ti^BL:.  V.  nail  Is  tic  Data  for  the  Mk  76  Mod  U&2/:i 


z 

ft 

X 

ft 

R 

ft 

m 

> 

deg 

*^f 

sec 

1  'I' 

1  e 

ln'4'j. 

m 

B 

f  ps 

ft 

Uq  “  400  fps 

0  “  -40  de^ 

5000 

3404 

15.75 

11.803 

1.080 

.07678 

73 

luuuo 

3345 

61.  G8 

21.88 

19.231 

1.127 

.119^9 

m 

no 

Uf,  ■  400  fps 

0  “  -20  dee 

1754 

2019.0 

29.69 

9.69 

4.780 

B 

B 

.03022 

38.07 

454 

51 

283y 

3472.7 

35.16 

15.16 

7.859 

.04749 

46.78 

505 

66 

3689 

4754.9 

39.12 

19.12 

10.337 

1.070 

.06728 

.05982 

52.36 

551 

74 

4407 

5951.6 

42.23 

22.23 

12.480 

1.084 

.08020 

.06925 

56.36 

59  2 

70 

5033 

7098.0 

44.78 

24.78 

14.401 

1.096 

.09130 

.07681 

59.41 

629 

85 

12492.8 

53.17 

33.17 

22.174 

1.139 

.13059 

.09754 

68.11 

755 

102 

Uq  ■  400  fps 

0  *■  -10  dcp, 

1000 

2335 

2540,1 

23.18 

13.18 

6.110 

1.041 

.03989 

.03839 

34.64 

450 

f'7 

2000 

3535 

4061 ,6 

29.50 

19.50 

9.401 

1.063 

.06081 

.05643 

44.46 

500 

74 

3000 

4450 

5366,8 

33.99 

23.99 

11.98] 

1.079 

.07613 

.06885 

50.56 

546 

78 

4t000 

6571.6 

37.49 

27.49 

14.186 

1  .093 

.08902 

.07818 

54.85 

588 

81 

7720.0 

40.37 

30.37 

16.149 

1.105 

.09975 

.08557 

58.10 

625 

83 

13099.2 

49.77 

39,77 

24.027 

_ 

1.146 

.13663 

.10510 

67.25 

772 

91 

L'o  ■  400  fps 

0=0  dep 

1000 

3074 

3232.6 

18.02 

18,02 

7.990 

.05117 

.04978 

33.76 

444 

81 

2000 

4303 

4745.1 

24.93 

24.93 

11.365 

1.074 

.07167 

.06765 

44.03 

495 

78 

5230 

6029.3 

29.84 

29.84 

13.980 

1.091 

.08691 

.07969 

50.30 

542 

77 

4000 

6004 

7214.4 

33.67 

33.67 

16.207 

1.105 

.09966 

.08865 

54.67 

534 

75 

5000 

6678 

8342.4 

36.82 

36.82 

18.187 

1.115 

.10394 

.09567 

57.97 

622 

75 

10000 

9285 

13645.9 

47.12 

47.12 

26.101 

1.154 

.14297 

.11360 

67.19 

770 

72 

Uq  ■  400  fps 

0  »  20 

<!er. 

1000 

4683 

4788.6 

12.05 

32.05 

13.230 

1.0G3 

.07983 

,03070 

40.02 

434 

68 

2000 

5704 

6044.5 

19.32 

39.32 

16.319 

1 .  lou 

.09558 

.09543 

48.77 

489 

51 

3000 

6506 

7164.4 

24.76 

44.76 

18.799 

1.114 

.10769 

.10550 

54.23 

537 

42 

7189 

8226.9 

29.09 

49.09 

20.944 

1.124 

.11725 

.11290 

58.08 

5PU 

35 

3000 

7793 

9259.1 

32.68 

52.68 

22.863 

1.133 

.12513 

.11880 

61.00 

619 

29 

10000 

10173 

14265.0 

44.51 

(4.51 

30.638 

1.163 

.15092 

.13250 

770 

K 
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TABLi:  8.  (ContM) 


z 

ft 

X 

ft 

R 

ft 

— 

y 

cieg 

m 

m 

In'i' 

e 

Invl/ 

c 

deg 

1 

<3X 

ft 

Oo  -  600  fps 

e  -  - 

40  Jeg 

5000 

M 

6535.0 

49.92 

mm 

IBSi 

1.090 

.08572 

warn 

57.55 

IB 

10000 

12162.0 

55.31 

Bill 

1.149 

.13880 

65.21 

m 

Uq  ■  600  fps 

e  -  - 

20  deg 

1000 

2018 

2333.2 

25.38 

T - 

5.38 

3.840 

1.035 

.03440 

.03429 

30.50 

620 

78 

2000 

3591 

4110.4 

29.12 

9.12 

6.668 

1.062 

. 06006 

.05671 

37.33 

645 

107 

Knuij 

4768 

5650.2 

32.07 

12.07 

9.028 

1.084 

.08047 

.07323 

42.38 

671 

124 

5.'!!  4 

7057.1 

34.53 

14.33 

11.105 

1.101 

.09649 

.08622 

46.34 

697 

135 

5000 

6721 

8376.9 

36.65 

16 .65 

12.988 

1.117 

.11082 

.09686 

1*9. ['1 

722 

145 

10000 

10263 

14329.3 

44.26 

24.26 

20.722 

1.175 

.16152 

.12690 

59.83 

826 

173 

Uq  “  600  fps 

9  •  -10  (leg 

1000 

3075 

3233.5 

18.01 

8.01 

5.401 

1.051 

.04955 

.04773 

25.72 

608 

124 

2000 

4811 

5210.2 

22.57 

12.57 

8.629 

1.080 

.07687 

.07250 

34.02 

632 

141 

3000 

6143 

6836.4 

26.03 

16.03 

11.196 

1.102 

.09749 

.08972 

39.83 

659 

150 

AOOO 

7258 

4905.0 

28.86 

18.86 

13.402 

1.121 

.11395 

.10270 

44.27 

685 

154 

5000 

8232 

9631.5 

31.27 

21.27 

15.373 

1.137 

.12795 

.11320 

47.32 

711 

158 

10000 

11987 

15610.5 

39.84 

29.84 

23.333 

1.191 

.14140 

58.79 

818 

169 

Up  •  600  fps 

«  -  0 

deg 

1000 

4564 

4672.3 

12.36 

12.36 

8.028 

1.074 

.07167 

24.45 

591 

178 

2000 

6367 

6673.7 

17.44 

17.44 

11.435 

1.104 

.09903 

.09449 

33.51 

617 

169 

3000 

7720 

8282.4 

21.24 

21.24 

14.801 

1.127 

.11912 

.11100 

39.65 

645 

U5 

AOOO 

8846 

9708.3 

24.33 

24.33 

16.334 

1.144 

.13444 

44.25 

673 

161 

5000 

9828 

11026.8 

26.96 

26.96 

18.339 

1.158 

.14704 

47.89 

700 

158 

10000 

13613 

16891.2 

36.30 

36.30 

26.370 

1.208 

.18863 

.15820 

58.94 

813 

151 

Uq  ■  600  fps 

0-20 

deg 

1000 

8354 

8413.6 

6.83 

26.83 

16.373 

1.144 

.13462 

warn 

33  89 

555 

166 

2000 

9680 

9884,  S 

11.67 

31.67 

19.238 

1.165 

.15255 

41.07 

591 

135 

3000 

10759 

11169.4 

15.58 

35.58 

21.613 

1.181 

.16602 

.16460 

46.14 

626 

116 

4000 

11963 

12358.2 

13.8? 

38.89 

23.698 

1.193 

.17664 

.17340 

49.99 

659 

103 

5000 

12530 

13490.8 

21.75 

41.75 

25.585 

1.2(»3 

.18507 

.18050 

53.05 

689 

92 

10000 

15391 

10775.6 

32.18 

52.18 

33.311 

1.235 

,21115 

.19650 

62.37 

811 

59 

SI 
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TAISLE  8.  (Cont’d) 


z 

ft 

X 

ft 

R 

ft  i 

deg 

y 

deg 

sec 

y 

inf^ 

inf 

1 

deg  1 

fns 

AX 

ft 

Uq  -  800  fps 

•  -40  deg 

5000' 

4704 

6865.0 

46.75 

m 

8.322 

BSI 

QgQ 

n 

852 

|B| 

10000 

8002 

12807.5 

i 

51.33 

DBl 

15.072 

BSi 

894 

IS 

Oq  “  800  fps 

-  -2 

:0  deg 

1000 

2312 

2519.0 

23.39 

3.39 

3.174 

1.042 

.04065 

.04121 

26.76 

790 

98 

2000 

4088 

4551.0 

26.07 

6.07 

5.751  1 

1.077 

.07371 

.07105 

31.98 

791 

144 

3000 

5564 

6321.2 

28.33 

8.33 

7.985 

1.106 

.10093 

.09425 

36.26 

798 

171 

4000 

6845 

7928.1 

30.30 

IL .  30 

9.995 

1.131 

.12319 

.11230 

39.86 

807 

190 

5000 

7986 

9422.1 

32.05 

12.05 

11.841 

1.153 

.14245 

.12820 

42.96 

818 

204 

10000 

12452 

15970.4 

1 

38.77 

18.77 

19.593 

1.2J9 

.21414 

.17360 

53.83 

870 

245 

Uq  *>  800  fps  •  -10  deg 


1000 

3620 

3755.6 

15.44 

5.44 

4.815 

1.065 

.06288 

20.93 

768 

178 

2000 

5827 

6160.7 

18.94 

8.94 

7.970 

1.105 

,10003 

27.82 

766 

215 

3000 

7533 

8108.4 

21.71 

11.71 

10.525 

1.137 

.12813 

WMa 

33.06 

773 

229 

400^) 

8961 

9813.2 

24.06 

14.06 

12.739 

1.163 

.15083 

.14090 

37.30 

784 

237 

5000 

10207 

11365.9 

26.10 

16.10 

14.729 

1.185 

.16991 

,15640 

40.83 

796 

243 

10000 

14974 

13006.1 

33.74 

23.74 

22.833 

1.267 

.23626 

.19930 

52.69 

858 

258 

Uq  ■  800  fps 

=  0 

deg 

1000 

5993 

6080.8 

9.47 

9.47 

8.082 

1.106 

.10057 

.10040 

19.33 

731 

305 

2000 

8326 

8562.8 

13.51 

13.51 

i:..532 

1.148 

.13785 

.13590 

27.27 

733 

287 

3000 

10006 

10498.7 

16.60 

16.60 

16,215 

1.179 

.16475 

.16010 

33.00 

744 

2  76 

4000 

11498 

12173.9 

19.18 

19.18 

16.506 

1.204 

.18540 

.17810 

37,50 

758 

268 

5000 

12749 

13694.4 

21.41 

21.41 

18.548 

1.224 

.20196 

.19230 

41,19 

774 

262 

lOOOO 

17534 

20185.2 

29.70 

29.70 

_ 

26.750 

_ 

1.294 

.25774 

.22980 

53.14 

849 

249 

Uq  ■  800  fps 

•  20  deg 

1000 

12617 

12656.6 

4.53 

24.53 

19.558 

1.234 

.21034 

.22490 

3’. 73 

654 

282 

2000 

14119 

14259.9 

8.06 

28,06 

22.208 

1,258 

.22960 

.24530 

37.58 

678 

241 

JUOO 

15381 

15670.8 

11.04 

31.04 

24.466 

1.277 

.24436 

.26050 

42.02 

70  3 

214 

4000 

16496 

16974.0 

13.63 

33.63 

26.486 

1.292 

.25580 

.27190 

45.57 

728 

194 

5000 

17507 

18207.0 

15.94 

35.94 

28.338 

1.303 

.26498 

.28110 

48.51 

751 

179 

10000 

21648 

23846.1 

24.79 

44.79 

36.025 

1.340 

.29289 

.30190 

58.05 

845 

134 

54 
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TABLE  8  (Cont'd) 


z 

ft 

X 

ft 

R 

ft 

♦ 

deg 

Y 

df;g 

‘f 

sec 

e 

InY 

e 

inr 

c 

"l 

deg 

L’i 

fps 

AX 

ft 

Up  -  1000  fps 

Q  ■  -40  deg 

5000 

4998 

B9 

7.365 

.16322 

.15550 

49.96 

933 

139 

lOOOO 

8680 

BSa 

m 

13.912 

BQb 

.27406 

.24610 

57.46 

930 

228 

-  1000  fps 

6  *•  -20  deg 

IB 

2432 

2629.6 

— 

22.35 

2.35 

2.717 

1.066 

.06354 

.06642 

24.78 

940 

111 

4405 

4837.8 

24.42 

4.42 

5.108 

1.122 

.11529 

.11800 

29.03 

909 

171 

3000 

6076 

6776.3 

26.28 

6.28 

7.262 

1.172 

.15905 

.16030 

32.80 

892 

208 

4000 

7537 

8532.7 

27.96 

7.96 

9.240 

1.214 

.19425 

. 19500 

26.16 

924 

233 

5000 

3843 

10158.7 

29.48 

9.48 

11.082 

1.250 

.22346 

.22430 

39.16 

879 

251 

10000 

13926 

17144.5 

35.68 

15.68 

18.950 

1.396 

.33347 

.32190 

50.44 

891 

301 

Uq  ■  1000  fps  Q  “  -10  deg 


1000 

4003 

4126.0 

14.03 

4.03 

4.378 

1.107 

.10138 

.10430 

18.30 

899 

232 

2000 

6569 

6866.7 

16.93 

6.93 

7.499 

1.176 

.16212 

.16800 

24.36 

865 

231 

3000 

8556 

9066.7 

19.32 

9.32 

10.073 

1.228 

.20555 

.21540 

29.27 

851 

300 

4000 

10211 

10966.5 

21.39 

11.39 

12.320 

1.272 

.24043 

.25210 

33.39 

847 

311 

5000 

11649 

12676.7 

23.23 

13.23 

14.354 

1.309 

.26911 

.28200 

36 . 34 

848 

316 

10000 

17078 

19790.4 

30.35 

20.35 

22.682 

1.445 

.36783 

.37670 

49.44 

874 

331 

Uo  “  1000  fps  =  0  deg 


1000 

72J7 

7305.8 

7.87 

7.87 

8.183 

1.187 

.17134 

.18570 

16.64 

830 

434 

2000 

9953 

10152.0 

11.36 

11.36 

11.695 

1.255 

.22714 

.25060 

24.00 

811 

400 

3000 

11958 

12328.6 

14.08 

14.08 

14.428 

1.304 

.26559 

.29650 

29.49 

808 

381 

4000 

13607 

14182.8 

16.38 

16.38 

16.764 

1.343 

.29491 

.33090 

33.92 

811 

36  7 

5000 

15032 

15841.7 

18.40 

18.40 

18.850 

1.376 

.31882 

.35840 

37.65 

819 

338 

10000 

20425 

22741.6 

26.09 

26.09 

27.261 

1.490 

.39211 

.44360 

30.23 

864 

336 

Up  -  1000  fps  -  20  deg 


1000 

16519 

16549.2 

3.46 

23.46 

1.411 

.34402 

.45110 

31.67 

714 

385 

2000 

18082 

18192.3 

6.31 

26.31 

24.770 

1.441 

.36513 

.48460 

36.69 

732 

338 

3000 

19433 

19663.2 

8.78 

28.78 

26.937 

1.464 

.38124 

.51280 

40.66 

752 

307 

4000 

20639 

21023.0 

10.97 

30.97 

28.900 

1.483 

.39494 

.53410 

43.94 

771 

284 

5000 

21735 

22302.7 

12.96 

32.96 

30.713 

1.500 

.40553 

.55150 

46.73 

789 

266 

10000 

26335 

28169.7 

20.79 

40.79 

38.375 

1.550 

.43832 

.60870 

56.14 

864 

216 

55 
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TABLE  9,  Ballistic  Data  for  the  Hn-200 


z 

ft 

X 

ft 

R 

ft 

deg 

7 

deg 

sec 

■I 

■9 

ln4' 

c 

11 

’-'l 

fps 

ft 

Uq  “  ^00  fps  6  m  -20  dcR 


252 

271.1 

21.64 

1.64 

.749 

1.145 

.13540 

.1453 

23.55 

329 

12 

200 

461 

502.5 

23.45 

3.45 

1.511 

1.331 

.28601 

.2650 

27.73 

282 

19 

300 

635 

702.3 

25.25 

5.29 

2.265 

1.500 

.40560 

.3640 

32.25 

251 

22 

■2«n| 

780 

876.6 

27.15 

7.15 

2.999 

1.676 

.51641 

.4458 

36.88 

230 

24 

904 

1033.1 

23.95 

8.95 

3.711 

1.837 

.60835 

41.45 

216 

24 

iOOO 

1652.0 

6.922 

2.648 

.97380 

.7385 

59.75 

192 

22 

Uq  •  400  fps  ®  •  “10  deg 


m 

429 

440.5 

13.12 

3.1? 

1.308 

1.277 

.24412 

.2360 

17.02 

287 

27 

698 

726.1 

15.99 

5.99 

2.405 

1.523 

.42068 

.3829 

24.28 

239 

29 

300 

888 

937.3 

18.67 

8.67 

3.357 

1.754 

.56213 

.4857 

31.14 

214 

29 

400 

1036 

1110.5 

21.11 

11.11 

4.215 

1.953 

.66947 

.5650 

37.44 

200 

27 

50C 

1155 

1258.6 

23. 'il 

13.4] 

8.008 

2.143 

.76211 

.6281 

43.13 

Ba 

25 

1000 

1532 

23.13 

_ 

8.350 

3.000 

1.09851 

.8209 

62.50 

n 

20 

Uq  -  400  fps 

0  m  0 

deg 

100 

787 

793.3 

7.24 

7.24 

2.706 

1.606 

.47362 

.4264 

17.91 

219 

43 

200 

1024 

1043.4 

11.05 

11.05 

4.017 

1.897 

.64027 

.5532 

28.29 

193 

33 

1183 

1220.5 

14.23 

14.23 

5.014 

2.132 

.75711 

.6373 

36.51 

182 

28 

400 

1303 

1363.0 

■IQlfl 

17.07 

5.882 

2.343 

.85152 

.6998 

43.30 

177 

25 

500 

1400 

1486.6 

19.65 

6.669 

2.537 

.93106 

.7497 

48.99 

176 

22 

1000 

1715 

1985.3 

30.25 

30.25 

9.959 

.9050 

66.51 

182 

15 

Uq  -  400  fps 

9  "  20  deg 

100 

1436 

1439.5 

3.98 

23.98 

7.415 

2.65? 

.97528 

.8280 

43.46 

155 

17 

200 

1525 

1538.1 

7.47 

27.47 

8.266 

2.851 

1.04781 

.8768 

52.00 

159 

14 

300 

1599 

1626.9 

10.63 

30.63 

9.032 

3.030 

1.10843 

.9166 

57.04 

163 

11 

400 

1661 

1708.5 

13.54 

33-54 

9.742 

3.198 

1.16246 

.9494 

61.06 

167 

9 

500 

1715 

1786,4 

16.25 

36.25 

10.410 

3.357 

1.21102 

.9774 

64.35 

171 

7 

1000 

1910 

2156.0 

27.63 

47.63 

13.402 

4.081 

1.40634 

_ 

1.072 

74.71 

185 

3 
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TAllL':  9.  (Cont’d) 


ft 

X 

ft 

R 

ft 

4> 

dcf. 

n 

^f 

sec 

B 

1 

In'l' 

e 

In'*' 

c 

’’i 

deg 

fps 

AX 

ft 

■  600 

fps  i 

-  -20 

deg 

m 

263 

281.4 

20.82 

.82 

.525 

1.222 

.20008 

.1516 

21.69 

482 

14 

E9 

502 

540.4 

21.72 

1.72 

1.116 

1.356 

.30417 

.2886 

23.99 

398 

23 

mm 

713 

773.5 

22.82 

2.82 

1.753 

1.574 

.45349 

.4087 

26.90 

337 

30 

400 

897 

982.1 

24.03 

4.03 

2.417 

1.806 

.59089 

.5127 

294 

33 

500 

1057 

1169.3 

25.32 

5.32 

3.096 

2.039 

.71246 

.6024 

34.17 

262 

34 

1000 

1591 

1879.2 

32.15 

12.15 

6.334 

3.286 

. . 

1.18967 

.8935 

53.12 

202 

32 

Uo 

-  600 

fps  8 

-  -10 

cleg 

100 

487 

497.2 

11.60 

1.60 

1.011 

1.293 

.25689 

.2679 

13.78 

404 

38 

200 

833 

856.7 

13.50 

3.50 

2.032 

1.662 

.50772 

.4570 

18.94 

309 

46 

300 

1085 

1125.7 

15.46 

5.46 

2.984 

.69500 

.5935 

24.64 

260 

45 

400 

1277 

1338.2 

17.36 

7.39 

3.86  8 

2.327 

.84449 

30.5^’ 

^  >  I 

■43 

500 

1429 

1514.0 

19.28 

9.28 

4.696 

2.636 

.96930 

WKSm 

36.37 

212 

39 

1896 

2143.6 

27.80 

17.80 

8.166 

4.019 

1.39103 

57.98 

188 

28 

Uo 

■  600 

fps  0 

■  0  uep, 

100 

1070 

1074.7 

5.34 

5.34 

2.853 

1.955 

.67019 

.5798 

14.65 

256 

71 

200 

1357 

1371.7 

8.38 

8.38 

4.158 

2.431 

.88810 

.7331 

24.41 

213 

52 

300 

1547 

1575.8 

10.97 

10.97 

5.189 

2.805 

1.03147 

.8333 

32.46 

195 

42 

400 

1636 

1732.8 

13.35 

13.35 

6.085 

3.149 

1.14708 

.9056 

39.-'  3 

1S6 

37 

500 

1794 

1862.4 

15.57 

15.57 

6.894 

3.477 

1.24605 

.9607 

45.51 

181 

32 

1000 

2148 

2369.4 

24.96 

24.96 

10.249 

4.850 

1.57902 

1.133 

64.44 

182 

21 

I’o 

••  600 

fps  9 

■  20  t 

leg 

100 

1963 

1965.6 

2.92 

22.92 

8.903 

4.177 

1.429521 

1.131 

50.80 

161 

18 

200 

2040 

2049.8 

5.60 

25.00 

9.674 

4.475 

1.498571 

1.172 

55.93 

164 

15 

300 

2107 

2128.3 

8.10 

28.10 

10.388 

4.749 

1. 557891 

1.207 

60.05 

168 

9 

400 

2164 

2200.7 

10.47 

30.47 

11.060 

5.012 

mstm 

1.236 

63.44 

171 

10 

500 

2215 

2270.7 

12.7^ 

32.72 

11.702 

5.261 

1.66031 

1.262 

66.28 

175 

8 

1000 

2404 

2603.7 

22.59 

42.59 

14.630 

6.411 

1.8503 

1.J50 

75.56 

187 

3 
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TABLE  9.  (Cont’d) 


z 

ft 

X 

ft 

R 

ft 

0 

deg 

y 

deg 

*^f 

sec 

B 

InvJ^ 

e 

In'i' 

c 

B 

^1 

fps 

ft 

Uq  -  800  fps 

8  -  - 

20  deg 

100 

268 

286.0 

20.46 

.46 

.401 

1.201 

.18340 

.1545 

20.98 

638 

15 

200 

520 

557.1 

21.04 

1.04 

.875 

1.395 

.33268 

.2959 

22.40 

517 

27 

300 

752 

e09.6 

21.75 

1.75 

1.413 

1.634 

.49072 

.4311 

24.34 

427 

35 

962 

1041.9 

22.58 

2.58 

2.002 

1.893 

.63800 

.5493 

25.84 

362 

40 

1149 

1253.1 

23.52 

3.52 

2.631 

2.177 

.6548 

29.91 

312 

43 

1000 

1786 

2046.9 

29.24 

9.24 

5.845 

1.003 

48.22 

213 

40 

I'o  ■  600  fps 

d  ■  -10  deg 

515 

524.6 

10.94 

.99 

.813 

1.337 

.29058 

.2833 

12.32 

524 

46 

200 

917 

938.6 

12.30 

2.30 

1.741 

1.758 

.56406 

.5030 

16.09 

60 

300 

1219 

1255.4 

13.83 

3.33 

2.676 

2.209 

.79236 

.6668 

20.88 

60 

400 

1450 

1504.2 

15.42 

5.42 

3.517 

2 .64  V 

.97403 

26.28 

259 

56 

5UU 

170O.9 

17.03 

$  *0^ 

t  /  t  -* 

3.075 

1.12317 

31.81 

231 

49 

1000 

2169 

2388.4 

24.75 

14.75 

7.994 

5.065 

am 

54.86 

190 

Uq  -  800  fps 

d  ■  0 

deg 

100 

1307 

1310.8 

4.38 

4.38 

2.923 

.84540 

.7082 

13.02 

279 

97 

200 

1628 

1640.2 

7.00 

7.00 

4.263 

1.09931 

.8796 

22.45 

225 

68 

300 

1835 

1859.4 

9.29 

9.29 

5.318 

3.545 

1.26540 

.9885 

30.46 

202 

54 

1985 

2024.9 

11.39 

11.39 

6.230 

4.039 

1.39592 

1.066 

37.52 

191 

46 

500 

2100 

2158.7 

13.39 

13.39 

7.053 

4.511 

1.50643 

1.124 

43.75 

184 

40 

1000 

2477 

2671.2 

21.93 

21.98 

10.445 

6.484 

1.86937 

1.307 

63.40 

183 

25 

Uj,  ■  800  fps 

9  “  20  deg 

100 

2355 

2357.1 

2.43 

22.43 

9.954 

6.063 

1.80218 

' 

54.93 

165 

18 

200 

2425 

2433.2 

4.71 

24.71 

10.677 

6.467 

1.86676 

1.394 

59.20 

168 

14 

300 

2485 

2503.0 

6.83 

26.88 

11.358 

6.852 

1.92454 

1.424 

62.71 

171 

12 

400 

2538 

2569.3 

8.96 

28.96 

12.006 

7.219 

1.97678 

1.450 

65.64 

175 

10 

500 

2586 

2633.9 

10.94 

30.94 

12.629 

7.571 

2.02432 

1.473 

68.14 

177 

8 

1000 

2768 

2943.1 

19.86 

39.36 
_ _  t 

15.509 

9.204 

2.21968 

1.554 

76.50 

188 

2 
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E,  BALLISTIC  CURVES  AJ®  SENSITIVITY  GPJVPHS 


In  this  section  nre  given  graphs  (Rig.  20  through  4A)  showing  the 
curves  of  ground  range  X,  time  of  flight  tf.  Impact  angle  impact 
velocity  U^,  and  lead  angle  7,  all  plotted  against  release  altitude  for 
a  family  of  release  velocities,  at  three  release  angles,  for  the  Ilk  83, 
Mk  76,  and  the  fictitious  HD-20n  bom's. 

Also  Included  are  a  number  of  sensitivity  curves  for  the  same  bombs 
and  the  same  release  conditions.  These  curves  show  the  change  In  the 
specified  trajectory  parameter  caused  by  an  Incremental  change  In  one  o 
the  Independent  release  variables  Z,  Uq,  0,  or  cKjj.  Tliey  are  of  value, 
for  example.  In  quickly  estimating  the  effects  on  the  trajectory  of 
errors  in  the  release  conditions  and  are  useful  in  various  other  appli¬ 
cations.  The  figures  400,  600,  ROO,  and  1,000  on  the  curves  refer  to 
release  velocity  in  feet  per  second. 

However,  in  some  applications,  the  curves  must  be  used  rather  care¬ 
fully  since  they  wore  obtained  hv  varving  In  a  small  amount  each  of  the 
Independent  release  variables  Z,  0,  Uq,  and  cKd,  In  turn  fren  a  given 
set  of  "standard"  release  conditions.  Thus,  the  curves  sho\/  only  the 
change  in  the  trajectory  caused  by  a  slig.ht  change  in  a  sing.le  release 
variable.  In  analyzing,  many  fire  control  systems,  account  rust  also  be 
taken  of  the  specific  system  mechanization  and  of  the  method  of  aiming 
before  data  pcints  of  the  curves  can  be  applied  correctly. 
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FIG,  20.  Ground  Range  Versus  Altitude 


FIG,  23.  Impact  Velocity  Versus  Altitude. 
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r.  M6 


*cT  Tm04^S1*iC«  0^ 


ThCKjSAWS  0* 


AtT.  H-  no«£ds  «y  £T 


FIG,  24.  Lead  Angle  Versus  Altitude. 
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Ai  r,  «u*i0»£05  0^ 


0 

FIG. 


25.  Ground  Range  Sensitivity  to  Altitude  Change  Versus  Altitude 


4tT  THOaSANOS  Qf  ’•<C'-o3NDS  0^  ►  ^  *1.^,  HUNO»fOS  0*^  f  T 


FIG.  26.  Ground  Range  Sensitivity  to  Release  Angle  Change  Versus 
Altitude. 


HOM'^aNrri  'if  » ^ 


Alt.  TNOy5fisr  s  ' »  » ’ 


AlT,  MUND'JtD’^  Of  fT 


FIG.  28.  Ground  Range  Senaltlvity  to  Drag  Function  Change  Versus  Altitude 
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FIG.  32.  Tine  of  Flight  Sensitivity  to  Drag  Function  Change  Versus 
Altitude. 
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FIG.  33.  Inpact  Angle  Senaltlvlty  to  Altitude  Change  Versus  Altitude 
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«.  T~0U*»XD5  V  -^;uSAX0?  Or  rr  ».t,  nuxcoris  or  rr 


FIG,  34.  Ittpact  Angle  Sendtivity  to  Release  Angle  Change  Versus 
Altitude. 


*  H)**  «  fO'*  ■  10 


FIG.  36.  Itepact  Angle  Senaitlvlty  to  Drag  Function  Change  Versus 
Altitude. 
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Th0j^*N05  0* 


•lT,  thousands  0*  TT 


0  2  4  6  9  >0 

4lT.  huNOBEDS  Of 


■■■■■■SSnaPInmiDii 


B 


I  ?  1  4  ^  0 

Ai\  Thousands  f ^ 


t - - 5 5  4  ^ \  0  2  4  (,  B  >C 

At’,  thousands  op  ft  A..T.  MUNDOfOS  OF  FT 


FIG,  38.  Intact  Velocity  Sensitivity  to  Release  Angle  Change  Versus 
Altitude. 
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•lt.  Thousands  of  ft 


AuT.  Thousands  of  ft 


Ai.T.  muNOAEDS  of  ft 


FIG.  39.  Impact  Velocity  Sensitivity  to  Release  Velocity  Change  Versus 
Altitude. 
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AtT  ▼wOoSASM  0*  •» 


*Lt,  Ku*»D»»e05  0^  rr 


H.f.  TwOulAHO*  0» 


Act.  0*  »T 


*cT.  WUNOMW  C»  *▼ 


FIG,  40.  Impact  Velocity  Sensitivity  to  Drag  Function  Change  Versus 
Altitude. 
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FIG.  41.  Lead  Angle  Sensitivity  to  Altitude  Change  Versus  Altitude. 
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FIG,  A2.  Lead  4\ngle  Sensitivity  to  Release  Angle  Change  Versus  Altitude, 
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FIG.  44.  Senaltlvlty  of  Distance  Normal  to  Llne-of-Slght  to  Release 
Angle  Change  Versus  Altitude. 
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F.  BOM3  DATA 

Table  10  gives  Bom  pertinent  unclassified  Inforraatlon  on  various 
bombs.  The  correct  Kq  function  is  given  and  the  various  Kp  functions 
may  be  found  tabulated  In  Section  III.C,  In  most  cases,  several  bombs 
can  be  made  to  use  the  same  Kp  curve  by  Incorporating  a  correction  fac¬ 
tor  In  the  value  given  for  the  reciprocal  ballistic  coefficient,  c. 

Thus,  c  may  Include  a  form  factor  unequal  to  1  (oec  Section  II. B. 3). 

For  reference  to  these  bombs,  a  shortened  designation  system  Is  used; 
l.e.,  the  Mk  81  Mod  1  bomb  with  electric  fuze  Is  written  Mk  81/1/E-  For 
most  bombs  the  moo  number  follows  the  first  bar;  after  the  second  bar  Is 
given  other  pertinent  conditions  are  given  by  the  following  abbreviations 

T  without  fuze 
E  electric  fuze 
M  mechanical  fuze 
L  with  lugs 
N  without  lugs 
WF  water  filled 
WS  wet  sand  filled 
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TABLL  10.  Bonb  Data 


Boteb 

Mod 

Diaaoter, 

In. 

Weight . 
lb 

Specifications 

ft* /lb 

Kj)  table 
to  use 

Mk  28 

(EX)1 

20.00 

2040 

m 

.0008262 

*(k76/4/T/N 

Hk  43 

18.00 

2125 

Large  fin,  nose  Mod  1 

.0010588 

Mk43/0  nose  Mod  1 
(with  large  fin) 

Mk  57 

0.  1 

14.75 

500 

- 

.00244 

It 

Mk  76 

0.  2 

4.00 

23.6 

Without  lugs 

.004706 

»lk76/0£.2/M 

Mk  76 

2 

4.00 

23.6 

With  lugs 

.006379 

Mk76/042/N 

Mk  76 

4 

4.00 

24.23 

With  lug,  no  fuze 

.004586 

Mk76/4/T/L 

Mk  76 

4 

4.00 

24.23 

Without  lug  or  fuze 

.004586 

Mk76/4/T/N 

Mk  81 

1 

9.00 

270 

Electric  fuze 

.002937 

Mk83/2&3/E 

Mk  81 

1 

9.00 

270 

Mechanical  fuze 

.003916 

Mk83/2&3/E 

Mk  82 

0.  1 

10.75 

500 

Electric  fuze 

.001814 

Mk83/2f.3/E 

Mk  82 

0,  1 

10.75 

500 

Mechanical  fuze 

.002721 

Mk83/2&3/E 

Mk  83 

2.  3 

14.00 

985 

Electric  fuze 

.001382 

Mk83/263/E 

Mk  83 

2.  3 

14.00 

985 

Mechanical  fuze 

.001759 

>!k83/2&3/E 

Mk  84 

1 

18.00 

1970 

Electric  fuze 

.001142 

Mk83/2&3/E 

Mk  84 

1 

18.00 

1970 

!1echanical  fuze 

.001522 

Mk83/2&3/E 

Mk  86 

0.  1 

9.00 

140 

Water  filled 

.005936 

Mk83/2&3/E 

Mk  86 

0.  1 

9.00 

200 

Wet  sand  filled 

.003994 

Mk83/2S.3/E 

Mk  88 

0 

14.00 

458 

Water  filled 

.002972 

Mk83/2£.3/E 

Mk  88 

0 

14.00 

783 

Wet  sand  filled 

.001738 

'lk33/2&3/E 

Mk  89 

0 

4.00 

56 

Without  lugs 

.002877 

Mk83/2&3/E 

Mk  89 

0 

4.00 

56 

With  lugs 

.004250 

Mk83/2&3/E 

Mk  106 

0 

3.87 

4.63 

- 

.1306 

Std  r.l  drag 
function 

Mk  106 

2 

3.87 

4.65 

- 

.1511 

II 

HD-200 

- 

.1000 

.1066  (constant) 

^  0.75 

AN-M57A1 

- 

10.80 

284 

M126  fin  assembly 

.002853 

A:I-m57A1  mi26  fin 

AN-M64A1 

14.20 

587 

M128M  fin  assembly 

.002385 

A.'J-M64A1 

M128Ai  fin 
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IV.  NOMOnRAPHS 


5 

The  noraoRrapha  fjlven  herewith  allow  rapid  evaluation  of  *11307  Innor- 
tant  parameters.  While  they  cannot  give  the  accuracy  of  a  computed  value, 
they  can  give  an  answer  that  is  well  within  allowable  limits  of  error 
(usually  less  than  one  or  two  percent)  for  design  and  analysis  of  bombs 
and  types  of  fire  control  systems. 

Many  of  the  nomographs  are  versatile;  on  some  of  the  graphs  either 
of  two  variables  may  be  given  and  the  remaining  one  calculated.  Thev  are 
most  accurate  near  the  center  of  their  ranges;  on  some  of  the  graphs  the 
error  will  Increase  as  velocities  tend  toward  the  speed  of  sound.  The 
emphasis  is  on  subsonic  application  throughout. 

On  all  nomographs  the  examples  given  arc  drawn  as  dotted  lines  on 
the  graphs.  In  some  cases,  a  small  diagram  Is  given  and  on  the  most  In¬ 
volved  nomographs  detailed  Instructions  arc  Included. 

The  nomographs  are  divided  Into  four  sections,  which  are  described 
below.  The  first  section  contains  graphs  applicable  to  all  bombs;  the 
second  contains  vacuum  solutions  of  the  trajectory  which  might  be  useful 
In  allowing  for  delay  times;  the  third  section  deals  with  graplis  appli¬ 
cable  only  to  standard  drag  bombs;  and  the  last  section  Is  restricted  to 
retarded  bombs . 

It  should  be  noted  that  many  of  the  standard  drag  bombs  require 
knowledge  of  the  cKp  product.  In  such  cases,  a  small  copy  of  nomograph 
7  is  Included;  Mach  numbers  may  be  obtained  from  nomographs  7  o£  16. 


^Upon  request,  NOTS, 
on  plastic. 


China  Lake,  will  provide  specific  nomographs 
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DESCRIPTIO?;  OF  NOMOGRAPHS 

A.  GENERAL  USAGE  (o.  88) 

1.  Altitude,  or  Rfcund  rsnpe  (three  noT,ographs  In  one) 

2.  Altitude,  or  ground  range 

3.  Slant  range 

B.  VACUUM  SOLUTIONS  (p.  94) 

4.  Ground  range 

5.  Impact  angle 

6.  Altitude 

C.  STANDARD  DRAG  BOTfBS  (p.  100) 

7.  Mach  number,  K^,  product,  altitude  correctlona 

8.  Impact  angle 

9.  Time  of  flight,  or  ground  range 

10.  Altitude 

11.  Altitude  or  ground  range,  level  release 

12.  Ground  range,  loft  bombing  from  Z  ■  0  to  Z  ■  0 

13.  Ballistic  lead  angle  using  ground  range  data 

14.  Ballistic  lead  angle  using  altitude  data 

15.  Change  In  ground  range  due  to  small  change  In  angle  of  release 
about  level  release 

D.  RETARDED  BOlfBS  (p.  118) 

16.  Mach  number,  K^,  cK^  product,  altitude  corrections 

17.  Impact  angle 

18.  Time  of  flight,  or  ground  range 

19.  Altitude 

20.  Ground  lag,  ground  range,  or  altitude,  level  release 

21.  Ballistic  lead  angle  using  ground  range  data 

22.  Change  In  ground  range  due  to  small  change  in  angle  of  release 
about  level  release. 

23.  Time  of  flight  or  altitude,  level  release 


A.  GENERAL  USAGE 

Nomograph  1 .  Altitude,  or  Ground  Range 

This  nomograph  solves  the  relations 

Z  ■  R  sin  i  , 

Z  ■  X  tan  4  , 

X  ■  R  cos  t  . 

Given  any  two  of  the  variables,  R,  X,  Z,  or  ^  ,  the  remaining  two 
can  be  determined. 
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NO'*ncPAPH  1.  Altitude,  or  Trov  id  Ranpe  (three  notnoeranhs  in  one). 
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KcsaogTgph  2,  Altttuda  ot  Grcuad  R“.nn2  (General  Usage) 

Given  Z,  X  mny  ba  »olvcd  for  ualng  thi«  graph.  The  process  may  be 
reversed  to  solve  for  Z  althoy^h  en  iteration  process  mr.y  be  necessary. 
This  nosogrsph  solves  eq,  51a.  Either  norcsgrcph  7  or  16  may  b®  used  to 
determine  the  ct'jj  valusi  depending  on  the  type  of  bonb  being  studied. 

Use  of  nomograph j 

1*  Locate  releese  angle  on  upper  left  scale,  label  as  A* 

2.  Locate  velocity  on  lever  left  scale,  label  as  B. 

3.  Construct  llna  AB,  Icbel  as  C  the  point  vhere  AB  crosses  upper 
oblique  index, 

4.  Locate  altitude  on  far  left  scale,  label  as  D. 

5.  Construct  line  CD,  label  as  E  point  where  CD  cuts  center  verti¬ 
cal  index. 

Steps  1  through  5  cay  be  carried  out  on  smaller  scales  at 
lo%rar  right  center;  this  will  give  the  same  point  E. 

6.  Locate  release  angle  on  scales  in  lower  right,  label  as  point 

F.  Hote  that  there  are  different  scales  depending  on  sign  of  0, 

7.  Locate  velocity  on  scales  in  lover  right  comer.  Note  that 
different  U-scales  are  used  for  different  signs  of  0, 

8.  Construct  line  FC,  label  as  H  intersection  of  FG  and  left 
vertical  index  line.  Construct  line  CH. 

9.  Locate  0  on  upper  right  scale,  label  as  J, 

10*  Locate  Z  on  upper  right  scale,  label  as  K. 

11.  Construct  line  JK,  label  as  L  intersection  of  JK  with  index 
line.  Locate  and  label  as  M  the  correct  cKg  value. 

12.  Construct  line  LM,  label  as  N  the  intersection  of  LM  and  upper 
left  vertical  Index  line. 

13.  From  N,  trace  along  curve  to  the  left  where  curve  intersects 
line  EH;  note  value  of  ground  range. 


Example,  Mk  83  Bomb: 

0  m  -20  deg 
U  •  600  fps 
Z  -  3000  ft 
Read:  X  •  4850  ft 
Computed: 

X  -  4880  ft 


Use  this  scale  If 
0  negative 
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NoiTnoRrawV  3.  Slant  Panpe  (Ccneral  I’sapc) 
This  nonograph  solves  the  relation 


2  2 
X  +  Z 


for  any  of  the  variables  R, 


X,  or  Z,  given  the  other  two. 


92 


GROUND  RANGE 
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NOMOTRAPH  3.  Slant  Range. 
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B.  VACUUM  SOLUTIONS 


Ground  Range 


This  notisograph  solves  the  relation 


X  •  Ut  “OS  9  . 


Given  any  three  of  the  variables  X,  U,  t,  or  6,  the  fourth  may  be 
found  merely  by  interchanging,  as  required,  the  steps  Indicated  on  the 
nomograph  (use  diagram). 
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NOMOGRAPH  U ,  Ground 
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Womograph  5.  Impact  Angle  (Vacuum  Solutions) 

Using  the  equations  for  the  trajectory  In  a  vacuum,  this  nomograph 
all  owp  rapid  determination  of  Impact  angle.  The  nomograph  is  based  on 
eq .  26. 

For  s*'4ndard  drag  bombs,  this  might  serve  as  a  very  rough  apnroxl- 
matlon  of  the  actual  conditions;  other  nomographs  of  this  section  might 
also  he  apnllcahle  to  solution  of  problems  involving  delay  times  of  re¬ 
tarded  bombs. 

Use  of  Nomogranh  5;  Olven  6,  U,  and  t,  enter  the  norogranh  as  in¬ 
dicated  by  the  nomograph  diagram  below  to  find  the  Impact  angle. 


Example : 

9  m  -20  deg 
U  -  500  fps 

t  •  2  aec  (time  of  flight) 

Read: t i  26,6  deg 
Computed:  t  ■  26.61  deg 
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Koriograph  6.  Altitude  (Vacuum  Solutions) 

Thli  nosograph  solves  the  relation 

Z  -  Ut  sin  0  +  I  Rt^  , 

Given  any  three  of  the  four  variables  Z,  II,  t,  or  6,  the  fourth 
may  be  determined.  Use  of  the  nomograph  Is  straightforward. 
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U=  400  FT/SEC  e=-30* 

t  =  I  SECOND 

READ  COMPUTED 

*  •  220  FEET  2«2I6  FEET 
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C.  STANDAPD  DRAG  BOItSS 


Nomopiranh  7.  Marh  Vurnhcr,  Kj^,  cK^  ’’rot^uct,  Altitufie  Corrections 

This  nomograph  uses  empirical  data  to  determine  several  different 
quentlciec.  Values  of  c,  the  reciprocal  ballistic  coefficient,  are  In¬ 
dicated  for  various  bcr.bo  on  one  scale.  Uaference  to  the  bomb  data  sec¬ 
tion  (IIl.F.)  will  show  that  many  bombs  follow  the  Kjj  curves  that  are 
graphed  here.  If  a  bomb  follows  a  Kj)  curve  not  graphed,  Its  Kp  values 
may  be  taken  from  the  Kp  curve  section  and  this  value  may  then  be  located 
on  the  far  right  scale. 

Using  the  first  three  steps  of  the  following  procedure,  the  Mach 
number  for  a  given  velocity  and  altitude  may  be  found.  It  Is  also  pos¬ 
sible  to  calculate  another  parameter,  1000  (p/Pq)  cKd,  that  Is  used  some¬ 
times  as  a  correction  rather  than  merely  taking  the  value  of  1000  cKj^. 

It  should  be  noted  that  with  this  nomograph,  one  need  not  necessarll 
■tart  with  step  one  of  the  procedure.  Depending  on  the  amount  of  Informa¬ 
tion  known  beforehand,  several  steps  may  be  eliminated.  The  complete 
procedure  follows: 

1*  Locate  release  velocity,  label  as  A. 

2.  Locate  altitude  on  oblique  scale,  label  as  B. 

3.  Construct  line  AB,  extend  to  Mach  number  scale.  This  Is  value 
of  Mach  number  under  given  conditions;  label  as  C, 

4.  From  point  C,  go  vertically  to  Intersection  with  appropriate  Kq 
curve,  then  horizontally  right  to  Kp  scale.  This  gives  the 

value  of  the  ballistic  drag  coefficient  under  the  given  conditions. 
If  is  known  from  some  other  source.  It  may  be  located  Immedi¬ 
ately  without  going  through  the  preceding  steps;  label  as  point  D. 

5.  Locate  value  of  c,  label  as  E. 

6.  Construct  line  DE,  determine  Intersection  of  DE  with  1000  cKj) 
scale.  Note  that  units  here  are  ft* /lb;  however.  In  most  of  the 
following  work,  units  will  be  ft*/1000  lb.  Thus,  the  number  read 
here  gives  the  value  of  cKj^  product  In  units  of  ft^/lOOO  lb; 
label  as  F. 

7.  Locate  altitude  on  far  right  scale,  label  as  G. 

8.  Construct  line  GF  and  extend  to  far  left,  read  off  value  of 

1000  0/Po  cKjj. 
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N'OMOnHAPH  7.  Mach  Number,  K  ,  cK^  Product,  Altitude  Correction!! 
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Kcig»!»rg^h  8.  Ir/pact  Afigle  (Standard  Drag  Bombs) 

This  nocsgrcph  uses  eq^  51b  to  determine  the  impact  angle. 

Use  of  noeogrcph: 

1.  Use  Hcxogreph  7  to  dctoraina  the  cKp  value.  Locate  this  value 
on  graph  scale,  label  as  A. 

2*  Locate  altitude  on  left  scale,  label  as  point  B. 

3*  Construct  line  AB,  label  Intersection  with  oblique  index  line 
as  point  C. 

4.  Locate  ground  range  on  bottom  left  scale,  label  as  D. 

5.  Construct  line  CD,  label  intersection  of  CD  with  horizontal 
index  line  as  E. 

6.  Draw  vertical  line  through  E  to  intersection  with  appropriate  6 
curve,  then  proceed  horizontally  to  right  to  vertical  index 
line.  Label  point  of  intersection  with  index  as  F. 

7.  Locate  velocity  on  far  right  scale,  label  as  G. 

8.  Construct  line  FG,  label  intersection  of  FG  with  upper  oblique 
Index  line  as  H. 

9.  Locate  grotuid  range  on  upper  right  scale,  label  as  J. 

10,  Construct  line  HJ,  label  intersection  with  horizontal  index  as  K. 

11*  Locate  release  angle  on  lower  right  scale,  label  as  L. 

12.  Construct  line  KL.  Read  r  where  KL  crosses  scale. 


Example: 

Mk  83/243/E  Bomb 

Z  -  5000  ft 

$  •  -10  deg 

U  -  1000  fps 

X  -  12,620 

Read:  r  •  31,5  jeg 

Computed: 

r  •  32,16  deg. 
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Komograph  9.  Tima  of  Flight  or  Ground  Range  (Standard  Drag  Bornba) 

Thl*  ncnograph  ucaa  a  slightly  modified  form  of  eq,  •>2;  here  "a”  Is 
chosen  for  beat  fit  rather  than  using  3/4. 

Given  X,  t  nay  be  deterrlned;  and  given  t,  X  may  be  found.  Instruc¬ 
tions  are  for  getting  X,  given  t.  The  other  method  should  be  obvious 
once  this  case  is  studied. 

Use  of  nomograph: 

1.  Locate  tine  of  flight  on  left  scale,  label  as  A. 

2.  Locate  velocity  U,  label  as  B. 

3.  Construct  line  AB,  label  as  C  Intersection  of  AB  and  left  Index 
line. 

4.  Detemlne  value  of  cKq  from  Nomograph  7,  locate  value  and  label 

as  D. 

5.  Locate  altitude  on  oblique  scale,  label  as  E. 

6.  Construct  line  DE,  label  as  F  intersection  of  DE  with  right 
Index, 

7.  Construct  line  CF,  label  as  C  intersection  of  CF  and  curved 
scale, 

8.  Connect  G  to  index  point  and  extend  line  to  left  index,  label 

as  H. 

9.  Locate  angle  label  as  J, 

10,  Construct  line  HJ,  extend  HJ  to  X-scale,  read  off  X, 
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NOMOGRAPH  9.  Time  of  Flight,  or  Ground  Range 
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,Kgg.o;!taph  .  IQ.  Altitude  (Standard  Drag  Bombs) 

Using  eq.  Sit* this  nomograph  allovs  calculation  of  altitude  Z  for 
standard  drag  weapons. 

By  estloatlng  altitude,  cKq  may  be  determined  from  Nomograph  7.  If 
original  estimate  Is  too  inaccurate,  the  process  mav  be  repeated  after 
answer  Is  reed  from  this  nomograph,  l.e,,  use  Iteration  scheme  for  alti¬ 
tude. 


Use  of  nomograph: 

1.  Locate  ground  range  on  upper  left  scale,  label  as  A. 

2.  Locate  value  of  cKq,  label  as  B  on  upper  oblique  scale. 

3.  Construct  line  AB,  label  as  C  intersection  of  AB  and  left  verti¬ 
cal  Index. 

4.  From  point  C,  proceed  horizontally  to  appropriate  6  curve,  then 
down  to  horizontal  index  line.  Label  point  of  Intersection  on 
horizontal  Index  line  as  D. 

5.  Locate  velocity  U  on  lover  scale,  label  as  E. 

6.  Construct  line  DE,  label  as  F  the  Intersection  of  DE  and  oblique 
index  line. 

7.  Locate  ground  range  on  lower  left  vertical  scale,  label  as  C. 

8.  Construct  line  FC,  extend  line  to  Z,  with  e  ■  0  scale,  label 
as  point  H.  If  0  •  0  deg,  polnf  H  Is  the  altitude, 

9.  If  0  y  0  deg,  locate  X  on  far  tight  scale.  If  0  >  0,  use  upper 
portion  of  X-scale,  If  ^  <  0,  use  lower  portion  of  X-scale, 
Label  as  J. 

10.  Locate  B  on  appropriate  oblique  scale,  label  as  K, 

11.  Construct  line  JK,  label  as  L  intersection  of  JK  and  right 
vertical  Index, 

12.  Construct  line  HL,  Intersection  of  HL  with  Z,  altitude  scale 
gives  value  of  Z. 
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NOlonRAPH  m.  Altitude 
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Nonnpraph  11.  Altitude  or  CroutK)  ’’.inco,  l.cvol  Polease  (Standard  Drat? 
Bombs) 


Prom  this  nomopranb ,  pround  rancp  mav  be  determined  dlrectlv  plven 
the  release  altitinU',  velocltv.  and  cK^  product  of  the  weapon,  or  re¬ 
lease  altitude  mav  be  deterninot!  b'>  Iteration  plver  ground  range,  velocltv 
and  cKp  nrodtjct.  Tbc  eouatlou  solved  Is 


Use:  1.  Use  Nomograph  7  to  determine 

7.  To  find  y,  enter  nonopranb  as  shown  in  diagram  on  nomograph. 


3.  To  find  7,  estimate  7.  In  step  ’’  of  diapram. 


4.  Proceed  In  the  step  sequence  3,  1  to  find  7.  on  the  left- 

hand  scale.  If  this  7.  does  not  agree  with  the  Initial  estimate, 
enter  sten  .?  with  7  value  lust  determined  and  continue  as  above 
until  7.  values  agree. 
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NOMOGRAPH  11,  Altitude  or  Ground  Ranyze*  Level  Release. 
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Nomograph  12 .  Ground  Range,  Loft  Bombing  From  Z  ■  0  to  Z  ■  0.  (Standard 
Drag  Bombs) 

This  nomograph  solves  the  equation 


sin  6  ■ 


2U^  cos  6 


Cl  •  e 


kX 


for  tralectorles  between  Z  ■  U  and  Z  *  D. 

Given  any  three  of  the  four  variables  X,  fi,  U,  or  cKj^,  the  fourth 
can  be  found.  The  nomograph  use  for  any  of  these  cases  Is  straight¬ 
forward. 


cos  9 


9  V  ^ 

_ _ L-^..  _ _ I _ L _  1-  ..A _ i. _ L-__J _ _ _ L-. 
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NOMOGRAPH  12.  Ground  Range,  Loft  Bombing 
From  Z"0toZ*O, 
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Hcsoftrcgh  13.  Eslllatic  Lead  Angl®  Uctng  Croiiiid  Rsage  Data  (Starsdard 

Drag  Eocbs) 

This  nonograph  uaea  eq.  59  to  tolvs  for  tha  ballistic  Iced  imgle 
directly.  It  can  easily  be  used  to  solva  for  ground  range  or  rclecss 
angle  using  sena  Iteration. 

Us®  of  ncEsograph: 

1.  Locate  ground  range  on  saall  horizontal  scale  to  left,  label  as 
point  A. 

2.  Locate  altitude  on  scale,  label  as  point  B. 

3.  Construct  line  AB,  extend  A3  to  Intersection  with  horizontal 
Index  line,  label  Intersection  as  C. 

4.  Locate  d  on  scale  In  lover  left  comer,  label  aa  D. 

5.  Construct  line  CD,  label  as  E  intersection  of  CD  with  oblique 
index  line. 

6.  Using  Nomograph  7,  locute  and  label  as  F  the  value  of  cKj). 

7.  Construct  line  EF,  label  as  C  Intersection  of  EF  with  vertical 

X-scale. 

8.  Locate  velocity  on  right  scale,  label  as  H. 

9.  Construct  line  GH,  label  cs  J  intersection  of  CH  with  center 
Index  line. 

10.  Locate  X  on  left  vertical  scale,  label  as  K. 

11.  Construct  line  JK,  label  Interoectlon  of  JK  with  U-vertlcal 
scale  as  L. 

12.  Locate  0  on  vertical  scale,  label  as  M. 

13.  Construct  line  LM,  intersection  of  U\  withy-scale  gives  the 
value  of  y. 

For  cKd  Infomatlon,  refer  to  nomograph  7, 
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VOMOCRAPH  13.  Ballistic  Lead  Angle  Using  Cround  Range  Hata. 
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Kog.of.iraph  14.  Ballistic  Lead  Angle  Using  Altitude  Data  (Standard  Drag 
Bonbo) 

Thla  noKOgraph  allows  calculation  of  the  ballistic  lead  angle  from 
altitude  and  airspeed  infonaatloa.  The  nomograph  uses  eq,  SO. 

Nomograph  7  may  be  used  to  detenalne  the  cKq  value  for  the  various 
bomb®.  Necessary  bomb  data  can  be  obtained  from  the  Kq  curve  (III.C.) 
and  Bomb  Data  (TII.F.)  sections. 

Use  of  nomograph: 

1.  Locate  velocity  on  left  scale »  label  as  A. 

2.  Locate  altitude  on  center  vertical  scale ,  label  as  B. 

3.  Construct  line  AB,  label  as  C  Intersection  of  AB  and  vertical 
index  line. 

A.  Locate  altitude  on  upper  right  scale,  label  as  D. 

5.  Locate  velocity  on  lower  right  scale,  label  as  E. 

6.  Construct  line  DE,  label  as  F  the  Intersection  of  DE  and  oblique 

index  line. 

7.  Locate  and  label  as  C  the  value  of  cKq. 

8.  Construct  line  FG,  label  as  I!  the  Intersection  of  FG  and  right 
index  lln<>. 

9.  Construct  line  CH,  Intersection  of  CH  with  correct  release  angle 
curve  gives  valuj  of  y. 
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Nomograph  1 S  .  Change  In  Cround  PanRC  Due  to  Small  Change  In  Angle  of 
Release  About  Level  Release.  (Standard  Drag  Bombs) 

This  nomograph  solves  the  relation 


2  -  — 
AX  U  2 

Ae  g  * 


6  ■  0  ,  Z  ■  constant , 


giving  the  ratio  of  the  change  In  ground  range,  AX,  due  to  a  small  devia¬ 
tion  of  release  angle,  A6,  about  level  release. 

Use: 

1.  Determine  cK^  product  from  Nomograph  7. 

2.  With  known  X,  7,  II,  and  the  cK_  product,  the  sequential 
steps  are  indicated  In  the  chart  diagram. 

Not*  that  the  ratio  AX/A9  Is  given  In  ft/m  rad.  Multiply  by 
17.34  to  obtain  the  ratio  In  ft/degree. 
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,  GROUND  RANGE,  1,000  FT 

N0Mnn»APH  15.  Chanfte  In  Ground  Range  Due  to  Small  Change 
In  Angle  of  Release  About  I.evel  Release. 
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D.  RETARDED  BO^^BS 


NooiORraph  16.  Mnch  Number,  Kjj,  cKjj  Product,  Altitude  Corrections 
(Retarded  Boabs) 

This  notnonraph  uses  empirical  data  to  allow  the  determination  of 
several  different  quantities.  Reference  to  the  Bomb  Data  (III.F.)  section 
will  show  that  many  bombs  follow  the  Ky  curves  that  are  graphed  here.  If 
a  bomb  follows  a  Kjj  curve  not  graphed,  its  Kj)  values  may  be  taken  from  the 
Kq  curve  section  and  this  value  may  then  be  located  on  the  far  right  scale. 

Using  the  first  three  steps  of  the  following  procedure,  the  Mach  num¬ 
ber  for  a  given  velocity  and  altitude  may  be  found.  It  Is  possible  to 
calculate  another  parameter,  IDOO  (p/po)  c^p,.  which  Is  used  sometimes  as  a 
correction  rather  than  merely  taking  the  value  of  1000  cK^. 

It  should  be  noted  that  with  this  nomograph,  one  need  not  necessarily 
start  with  step  one  of  the  procedure.  Depending  on  the  amount  of  Informa¬ 
tion  knoxm  beforehand,  several  steps  may  be  eliminated.  Complete  proce¬ 
dure  follows: 

1.  Locate  release  velocity,  label  as  A. 

2.  Locate  altitude  on  oblique  scale,  label  as  B. 

3.  Construct  line  AB,  extend  to  Mach  number  scale.  This  Is  value 
of  Mach  number  under  given  conditions;  label  as  C, 

4.  From  point  C,  go  vejrtlcally  to  Intersection  with  appropriate  Kp 
curv®,  then  horizontally  to  right  to  Kj)  scale.  This  gives  the 
value  of  the  ballistic  drag  coefficient  under  given  conditions. 

If  Kq  Is  known  from  some  other  source.  It  may  be  located  Immedi¬ 
ately  without  going  through  the  preceding  steps;  label  as  D, 

5.  Locate  value  of  c  using  Bomb  Data  (III.F.)  section,  label  as  E. 

6.  Construct  line  DE,  determine  Intersection  of  DE  with  1000  cKjj 
scale.  Note  that  units  here  are  ft*/lb;  however.  In  most  of 
following  work,  units  will  be  ft^/1000  lb.  Thus  the  number  read 
off  here  gives  the  value  of  cKp  product  In  units  of  ft*/1000  lb. 
Label  as  F. 

7.  Locate  altitude  on  far  right  scale,  label  as  C, 

8.  Construct  line  FG  and  extend  to  far  left,  read  off  value  of 
1000  p/do  cKq. 
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Nowonraph  1*.  Inpact  Angle  (Rctarilcj  .orbs) 

This  nomograph  us"*  e^,  51c  to  allow  the  determination  of  Impact 
angles  for  retarded  bonbh. 

Use  of  nomograph; 

1.  Locate  ground  range  on  upper  left  scale,  label  as  A, 

2.  Locate  terminal  velocity  of  K,  label  as  B. 

3.  Construct  line  AB,  label  as  C  Intersection  of  AB  and  left  verti¬ 
cal  index. 

4.  From  point  C,  procted  horizontally  toward  the  right  until  appro¬ 
priate  6  cutve  Is  Intersected,  Then  proceed  down  to  horizontal 
index,  label  as  D. 

5.  Locate  velocity,  label  as  E. 

6.  Construct  line  DE,  label  as  F  Intersection  of  DE  and  oblique 
index  line, 

7.  Locate  ground  range  on  lower  left  vertical  scale,  label  as  C, 

8.  Construct  line  FG,  label  as  H  Intersection  of  "tat  ^  ■  0  deg" 
scale.  If  6  •  0  deg,  read  Impact  angle  at  H, 

9.  If  d  ^  0  deg,  locate  6  on  far  right  scale,  label  as  J. 

10,  Construct  line  HJ,  read  t  where  HJ  crosses  scale. 
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NOMOGRAPH  17.  U'pact  Angle 


:J0T3  TF  3?'.? 


NoooBraph  18.  Tima  of  Flight  or  Ground  Ranp.e  (Retarded  Botnos) 

Thli  nomograph  uaea  eq.  52. 

Uae  of  nomograph: 

1.  Locate  ground  range  on  left  scale,  label  as  A. 

2.  Locate  6  on  otlique  scale,  label  as  B. 

3.  Construct  line  AB  ;  label  as  C  Intersection  of  AB  with  vertical 
"vj,  terminal  velocity"  scale. 

4.  Locate  Initial  velocity  on  right  scale  and  label  as  D, 

5.  Construct  line  CF;  label  as  E  Intersection  of  CD  with  oblique 
index  line. 

6.  From  point  C,  proceed  horizontally  until  appropriate  terminal 
velocity  curve  Is  Intersected,  then  proceed  vertically  to  upper 
horizontal  scale;  label  point  on  horizontal  scale  as  F, 

7.  Construct  line  EF ;  tine  of  flight  given  by  Intersection  of  EF 
with  lower  horizontal  scale. 
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Homograph  19.  Altitude  (Retarded  ?,orbs) 

This  nomograph  uses  cq,  51a.  It  should  be  noted  that  a  small  change 
in  ground  range  can  cause  a  large  change  in  altitude.  This  can  be  veri- 
flrd  by  reference  to  the  bomb  tables,  and  may  be  understood  by  recalling 
that  for  the  retarded  weapons,  the  X-component  of  the  velocity  is  damped 
out  rapidly.  Thus  the  velocity  vector  of  the  bomb  la  directed  almost 
perpendicular  to  the  earth  after  a  certain  flight  tine. 

Use  of  nomograph: 

1*  Locate  desired  ground  range  on  upper  left  scale,  label  as  A. 

2.  Locate  terminal  velocity  on  upper  oblique  scale,  label  as  B. 

3.  Construct  line  AB,  label  as  C  Intersection  of  A5  with  left  Index 

line. 

A.  From  point  C,  follow  horizontal  over  to  appropriate  9  curve, 
then  down  e  vertical  line  until  horizontal  Index  line  Is  inter¬ 
sected.  Label  Intersection  as  D» 

5.  Locate  Initial  velocity  on  lower  scale,  label  as  E. 

6*  Construct  line  DE,  label  as  F  Intersection  of  DE  and  oblique 

index  line. 

7.  Locate  desired  ground  range  on  lower  left  scale,  label  as  G, 

8.  Construct  line  FG,  label  Intersection  of  FG  and  "Z,  with  9  • 

0  deg'*  scale  as  H,  If  0  0  deg,  point  H  gives  value  of  Z. 

9.  If  1?  K  0  deg,  locate  correct  value  of  9  on  two  oblique  scales  to 
right  of  graph.  Label  as  point  J. 

10.  Locate  ground  range  on  appropriate  portion  of  extreme  right  scale. 

If  9>0,  uae  upper  portion;  If  0<O,  use  lower  portion.  Label  as  K. 

11.  Construct  line  JK,  label  as  L  Intersection  of  JK  and  right  Index 
line. 

12.  Construct  line  HL,  read  altitude  where  HL  crosses  scale. 
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KonoRraph  20.  Ground  Lag,  Ground  Ranpe,  or  Altitude,  Level  Release 
(Retarded  Bombs) 

This  nomograph  uses  a  variation  of  eq,  51a  for  level  release  condi¬ 
tions.  With  this  nomograph,  it  is  possible  to  determine  the  ground  lag, 
ground  range,  and  given  altitude.  The  nomograph  may  also  be  used  to 
calculate  altitude,  given  ground  range,  but  this  suffers  from  the  insta¬ 
bility  pointed  out  in  nomograph  19. 

Use  of  nomograph: 

1.  Locate  altitude,  label  as  A. 

2.  Locate  velocity,  label  as  B. 

3.  Construct  line  AB,  label  as  C  the  intersection  of  AB  and  index 
line. 

4.  Locate  terminal  velocity  (or  k*) ,  label  as  D.  (k*  is  chosen  to 
give  a  best  fit  in  writing  *  exp  k*X  sec  (^). 

5.  Construct  line  CD;  ground  range  is  given  by  intersection  of  CD 
with  X-line. 

6.  Construct  line  from  point  C  to  point  k*  •  0  deg  (or  infinite 
terminal  velocity).  Note  intersection  of  this  line  with  X-line. 
This  number  given  bomb  range  in  a  vacuum. 

7.  Ground  lag  is  given  by  difference  of  answers  in  steps  5  and  6. 
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NOMOGRAPH  20.  Ground  Lar,  Ground  RanRc,  or  Altitude,  Level  Release 


KffraoRr^ph  21,  BAlllttlc  Lead  Angle  Using  Ground  Range  Data  (Retarded 
Bomba) 

Thla  nomograph  uses  eq,  54b. 

Use  of  nomograph t 

1.  Locate  terminal  velocity  on  upper  horizontal  scale,  label  as  A. 

2.  Locate  |9  on  lower  scale,  label  as  B, 

3.  Locate  ground  range  on  left  vertical  scale,  label  as  C. 

4.  Construct  line  AB,  label  as  D  intersection  of  A3  and  index  line. 

5.  Construct  line  CD,  label  as  E  intersection  of  CD  with  center 

index  line. 

6.  Note  that  right  side  of  center  index  line  is  divided  into  groups 
of  ten  subdivisions,  as  is  left  side  of  cente'*  "X-’feet"  scale. 

Zf  point  E  is  a  certain  number  of  subdivisions  below  a  main 
dividing  line,  locate  the  point  on  the  left  side  of  X-feec  scale 
which  is  an  equal  number  of  subdivisions  below  thr  j^ame  main 
dividing  line.  Label  as  F. 

7.  Locate  U  on  far  right  scale,  label  as  G. 

8.  Construct  line  FG,  label  as  H  intersection  of  FG  and  right  index 
line. 

9.  Locate  ground  range  on  X-feet  scale  in  center,  label  as  J. 

10.  Construct  line  JH,  label  as  K  intersection  of  JH  with  U-scale. 

11.  Locate  9  on  center  vertical  scale,  observe  sign  of  0,  label  as  L. 

12.  Construct  line  XL,  read  7  where  KL  intersects  X-scale. 
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Nomograph  22 .  Change  In  Cround  Range  Due  to  Small  Change  In  Angle  of 
Release  About  Level  Release.  (Retarded  Bombs) 

This  nomograph  solves  the  relation 


^  ^  _ 

Ae  "  2Z(1  +  1/2  In^') 


Ini^  -  k*X  ,  e  -  o" 


k*  ■  f(k/  ,  Z  •  constant 


giving  the  ratio  of  the  change  in  ground  range,  AX,  due  to  a  small  de¬ 
viation  of  release  angle,  A0,  about  level  release. 


Use: 

1.  The  value  of  terminal  velocity  V^,  if  not  known,  can  be 
obtained  from  Nomograph  16. 

2.  With  V  or  k*,  X,  and  Z  known,  the  solution  steps  are  as 
indicated  by  the  diagram  in  the  nomograph. 


130 


jn'^nCRAPTl  .  Chanpc  In  Ground  Ranee  Due  to  Small  Chanee 
In  Anele  of  Release  About  Level  Release. 
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Time  of  Flight  or  Altitude,  l^vel  Peleasc. 
Bombs) 


(Retarded 


This  nomograph  solves  the  ’-elation 


,1/3.5 


t  -  ^  e 

V  8 


Given  and  Z,  t  may  be  found,  or,  given  and  t,  Z  may  be  found. 
may  be  obtained  from  Nomograph  16. 
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NOMOTRAPH  23.  Time  of  Flight  or  Altitude.  Level  Release 
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